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5 Sample Question Papers 543-581 


When a glass rod is rubbed with silk, it acquires a power to attract light bodies such as, 
small pieces of paper. The objects which acquire the attracting power are said to be 


electrostatics. 


electrified or charged, Benjamin Franklin demonstrated that lighting was related to 
static electricity. The branch of Physics which deals with static electricity is called 


ELECTRIC CHARGES 


AND FIELDS 


All directly experienced forces except the gravitational force are 
manifestations of electromagnetic force. 


Electrostatics deals with study of forces, fields and potentials arising from 
static charges or charges at rest. In this particular chapter, we will discuss all 
the above mentioned topics in a detailed form in order to understand them 
very thoroughly. . 


|TOPIC 1| 
Electric Charges 


The physical property of matter that causes it to experience a force when placed 
in an electromagnetic field is called electric charge. Electric charge is a 
characteristic that accompanies fundamental particles, wherever they exist. 
According to William Gilbert, charge is something possessed by material 
objects that makes it possible for them to exert electrical force and respond to 
the electrical force. 


Electric charge is a scalar quantity. 


CHAPTER CHECKLIST 

e Electric Charges 

e Coulomb's Law and 
Electrostatic Field 

e Electric Dipole 

e Electric Flux 


2 


© Gold Leaf Electroscope 

It is an instrument which detects the electric charges by 
means of electrostatic forces. It consists of two gold leaves 
which are suspended side by side from a conducting rod 
which is held by an insulated support and placed in a 
grounded enclosure, such as a glass jar. When a charge is 
applied to a plate to which the rod is connected, the leaves 
separate due to their mutual repulsion. One variation involves 
having one fixed plate along with a single leaf. 

Metal knob 


Sets 
g 


There are two kinds of charges such as positive charge and 
negative charge. ng 


An object can attain positive charge by loosing electrons 
while other can attain negative charge by gaining electrons, 
Charges with same sign, i.e. like charges repel each other 
while charges with opposite sign, i.e. unlike charges-attract 


each other. 

Charges always reside on the surface of the charged 
conducting object. An object can be charged by different 
methods like friction, conduction and induction. 


Charges can be added and subtracted as a number. 


Conductors and Insulators 


Conductors are those substances which can be used to carry 
or conduct electric charge/electron from one point to other. 
' They allow electricity to pass through them easily. 


e.g. Silver, copper, iron, aluminium, etc. 
Insulators are those substances which cannot conduct 


electricity. They are also called dielectrics. They offer high 
resistance to the passage of electricity through them, 


e.g. Glass, rubber, plastic, ebonite, mica, etc. 


Difference between 
Dielectrics and Conductors 


Dielectrics are non-conductors and do not have free 
electrons at all, while conductors have free electrons in 
their any volume which makes them able to pass the 
electricity through them. 
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Charging by Induction 


The process of charging a neutr 
charged body nearby it without m 
two bodies is known 


| 
| 
al body by bringing a | 
it making contact between the | 
as charging by induction. | 


Figures given below are showin 


charging a conductor permanently by using the process of | 
charging by induction. 


Y Z, 
Y Z, 
A Z 
Y Z 
co 


——— 


Fig. (a) Fig. (b) Fig. (c) 


g the sequential steps of 


Using the process of charging by induction, a conductor may | 
be charged permanently. i 


EXAMPLE |1| A comb run through one’s hair attracts 
small bits of paper. What happens, if the hairs are wet orit 
is a rainy day? 
Sol. If the hairs are wet or it is a rainy day, then the friction 
between the hair and the comb reduces. The comb does 
not get charged and it will not attract small bits of paper. 


“BASIC PROPERTIES OF 


ELECTRIC CHARGE 


Some basic properties of the electric charge are discussed 
below 


Additive Nature of Electric Charge 
Electric charge is additive in nature. In general, if a system 
consists of » charges qy» q3» q3» Qn» then the total charge | 
of the system will be g, +42 +45 ++ Gn: 


| 
| 


r N fa e e to 
In order to calculate the net charge on a system, we ai 
just add algebraically, all the charges present in iiih . 
sa ie á 
This is known as the principle of superposition of ¢ ir 
i “ry Smi s compared tO 
If the sizes of charged bodies are very small oneal ahi 
distance between them, then they can be considered as p 


charges. 


Conservation of Electric ee | 

electric charge of an t 
on ie. ae In simple words, 
d nor be destroyed. 


solate 
During any process, 


system remains constant (i 
charge can neither be create 


Electric Charges and Fields 


In any physical process, the charge may get transferred from 
one part of the system to another, but the net charge will 
always remain the same. 


Quantisation of Electric Charge 


The charge on any body can be expressed as an integral 
multiple of basic unit of charge, i.e. charge on one electron. 
This phenomena is called quantisation of electric charge. 


It can be written as 


where, 7= 1, 2,3, ... is any integer, positive or negative and: 
e is the basic unit of charge. 


The SI unit of charge is called coulomb and denoted by C 
and its value is e = 1602192 x 10°C or 16 X 107°C. 


EXAMPLE |2| A polythene piece rubbed with wool is 
found to have a negative charge of 3 x107 C. ‘ 


(i) Estimate the number of electrons transferred from 
which to which? 


(ii) Is there a transfer of mass from wool to polythene? 
NCERT 


Sol. (i) Here, q =-3x 107C 


Z Charge on one electron, e =— 1.6 x10 °C 


<. Number of electrons transferred from wool to 


polythene piece, 
ren ES -3x107C 
. “> A660 "°C 
(ii) Yes, there is a transfer of mass from wool to polythene 
piece. 
As, mass of each electron, m, = 9 x 10°! kg 
<. Mass transferred from wool to polythene, 
m=nx m, = 1.875x10" x 9x 10°"kg 


= 1,687 x107" kg 


= 1.875x.10" 


EXAMPLE |3| A copper slab of mass 2 g contains 
2 x 10” atoms. The charge on the nucleus of each atom is 
29 e. What fraction of the electrons must be removed from 
the sphere to give it a charge of +2 uC? 
Sol. Total number of electrons in the slab 
= 29x 2x 10” 
Number of electrons removed 
i 2x10" 81 95x 10” 
e 16x10" 
~. Fraction of electrons removed 
_ 125x10? 


= -11 
~ 30x 2x 10% _—" 


Difference between Charge and Mass 


The difference between charge and mass is given in the 
following table 


Charge eee... ee 


Electric charge on a body may Mass of a body is a positive 
be positive, negative or zero, quantity. 


Mass of a body increases with 


its velocity as m= —2 
Charge carried by a body j = f 
does not depend upon © 
velocity of the body. where c is velocity of light in 
vacuum, m is the mass of the 
body moving with velocity y and 
m, is rest mass of the body. 


t ; ‘ The quantisation of mass is yet 
Charge is quantised. to be established. 


Mass is not conserved as it can 
be changed into energy and 
vice-versa. 


Electric charge is always 
conserved. 


Force between charges can 
be either attractive or 
repulsive, as charges are 
unlike or like charges. 


The gravitational force between 
two masses is always attractive. 


TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


1. One metallic sphere A is given positive charge 
whereas another identical metallic sphere B of 
exactly same mass as of Ais given equal 
amount of negative charge. Then, 

(a) mass of A and mass of B still remain equal 
(b) mass of A increases 

(c) mass of B decreases 

(d) mass of B increases 


In general, metallic ropes are suspended from 

the carriers to the ground which take 

inflammable material. The reason is 

(a) their speed is controlled 

(b) to keep the gravity of the carrier nearer to the 
earth 

(c) to keep the body of the carrier in contact with the 
earth 

. (d) nothing should be placed under the carrier 


. In charging by induction, 


(a) body to be charged must be an insulator 

(b) body to be charged must be a semiconductor 
(c) body to be charged must be a conductor 

(d) any type of body can be charged by induction 
Charge on a body is q, and it is used to charge 
another body by induction. Charge on second 
body is found to be q, after charging. Then, 


(a) <1 (b) f1<) 
G2 q2 
@ 21 (@) zı 
G2 q2 
An object of mass 1 kg contains 4 x 107° atoms. If 


one electron is removed from every atom of the 
solid, the charge gained by the solid of 1 g is 

(a) 2.8 C (b) 6.4x 10° C 

(c) 3.6x 10° C (d) 9.2x 10™ C 


Number of electrons present in a negative charge 
of 8 Cis 

(a)5x10"° (b) 25x10" 

(c)12.8x10"" (d) 1.6 x10” 


VERY SHORT ANSWER Type Questions 


J: 


10. 


Íi. 


12. 


13. 


14. 


A glass rod when rubbed with silk cloth acquires 
a charge 1.6x10"’* C. What is the charge on the 
silk cloth? 


. Consider three charged bodies A, B and C. If A 


and B repel each other and A attracts C, then 
what is nature of the force between B and C ? 


What does q, +q, = 0 signify in electrostatics? 


Which property of dielectrics make them 
different from conductors? 


Two insulated charged copper spheres A and B of 
identical size have charges q, and Vay 
respectively. A third sphere C of the same size but 
uncharged is brought in contact with the first 
and then in contact with the second and finally 
removed from both. What are the new charges 
on Aand B? 


What is the basic cause of quantisation of 
charge? 


Can a body has charge 1.5 e, where e is the 
electronic charge? 


Which is bigger, a coulomb of charge ora charge 
on an electron? 


15. 


16. 


| Allzzone | PHYSICS Class 12} 


“An object becomes positively chargéd 
through the removal of negatively charged 
electrons rather than through the addition of 
positively charged protons”. Explain, why? 


A glass object is charged to +3 nC by rubbing it 


with a silk cloth. In this rubbing process, have 
protons been added to the object or have 
electrons been removed from it? 


SHORT ANSWER Type Questions 


17. 


18. 


19: 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


In filling the gasoline tank of an aeroplane, the 
metal nozzle of hose from the gasoline truck is 
always carefully connected to the metal body 
of the aeroplane by a wire, before the nozzle is 
inserted in the tank. Explain, why? 


Automobile ignition failure occurs in damp 
weather, Explain, why? 


A bird perches on a bare high power line and 
nothing happens to the bird. A man standing 
on the ground touches the same line and gets 
a fatal shock. Why? 


An ebonite rod held in hand can be charged by 
rubbing with flannel but a copper rod cannot 
be charged like this, why? 


Ordinary rubber is an insulator. But the 
special rubber tyres of aircrafts are made 
slightly conducting. Why is this necessary? 


Why does a charged glass rod attract a piece of 
paper? 


Can a charged body attract another uncharged 
body? Explain. 


Can two balls having same kind of charge on 
them attract each other? Explain. 


Can ever the whole excess charge of a body P 
be transferred to the other body Q? If yes, 
how and if not, why? 


When a glass rod is rubbed with a silk cloth, 
charges appear on both. A similar 
phenomenon is observed with many other 
pairs of bodies. Explain, how this observation 
is consistent with the law of conservation of 
charge? NCERT | 


Give any two points of difference between 
charge and mass. 


A balloon gets negatively charged by 

rubbing ceilings of a wall. Does this mean that 
the wall is positively charged? Why does the 
balloon eventually fall? 


Electric Charges and Fields 


29. 


A paisa coin is made up of Al-M¢ allo 
weighs 0.75 g. It has a square shake an re 
diagonal measures 17 mm. It is electrically 
neutral and contains equal amount of 
positive and negative charges. Treating the 
paisa coins made up of only Al, find the 
magnitude of equal number of positive and 
negative charges. What conclusion do you 
draw from this magnitude? NCERT Exemplar 


LONG ANSWER Type I Questions 


30. 


31. 


32. 


33. 


Describe some of the differences between 
charging by induction and charging by 
contact. . à 


(i) Explain the meaning of the statement 
“electric charge of a body is quantised”. 
(ii) Why can one ignore quantisation of 
electric charge, when dealing with 
macroscopic, i.e. large scale charges? 
NCERT 


Two insulated rods A and B are 

oppositely charged on their ends. They are 
mounted at the centres, so that they are 
free to rotate and then held in the position 
shown in the figure, in a view from above; 
The rods rotate in the plane of the paper. 
Will the rods stay in those positions when 
released? If not, then what position(s) will 
they move? Will their final configuration(s) 
be stable? 


+. J) Œ = 
A B 


It is now believed that protons and 
neutrons (which constitute nuclei of 
ordinary matter) are themselves built out 
of more elementary units called quarks. 

A proton and a neutron consist of three 
quarks each. Two types of quarks, so called 


2 
‘up’ quark (denoted by u) of charge + G e 


and the ‘down’ quark (denoted by d) of 
charge (- z) e, together with electrons 


build up ordinary matter. (Other types of 
quark have also been found which give rise 
to different unusual varieties of matter). 
Suggest a possible quark composition ofa 
proton and a neutron. NCERT 


NUMERICAL PROBLEMS 


34. 


35. 


36. 


37. 


What is the total charge of a system containing five 
charges +1, +2, - 3, +4 and -5in some arbitrary unit? 


How many electrons are there in one coulomb of 
negative charge? 


A metal sphere has a charge of - 6 uC. When 5x10” 
electrons are removed from the sphere, what would 
be net charge on it? 
A sphere of lead of mass 10 g has net charge 
-2.5x10°°C. 
(i) Find the number of excess electrons on the 
sphere. 


(ii) How many excess electrons are per lead atom? 
Atomic number of lead is 82 and its atomic mass 
is 207 g/mol. 


HINTS AND SOLUTIONS | 


. (d) When a body is negatively charged more electrons are 


given to it, so its mass increases. 


+ (c) During its motion, body of carrier is charged due to 


rubbing with dry air and dust. If spark occurs near container, 
then inflammable material may catch fire. So, metallic ropes 
are suspended so that excess charge flows away from carrier, 
to ground (for earthing). 


. (c) Induction requires shifting of free charge carrier which are 


present only in conductors. 


- (d) -Q2 Qe 
om Onl 
First BOY > 
body l 
Q2 
Numerically, q, 2q; = na 
Q 


. (b) Here, number of electrons removed in 1 g 


= number of atoms in 1 g 


4x10" 
10° 


or n= =4 x10" 


“Charge, q =ne =4x10" x 16x10" = 64 x 107 C 


. (a) Given, charge, q =8C and 


charge of electron, e = 1.6 x10"C 
+ Charge, q =ne 


q 


<». Number of electrons, n=+ >n = =5x10" 
e 


1.6x107"" 


T. Silk cloth will also acquire a charge 1.6107" C, 
However, it will be negative in nature. 
8. It is also attractive in nature. 
9. The charges q, and q, are equal and opposite. 
10. Dielectrics do not have free electrons at all. They offer, 


high resistance to passage of electricity through them. 
e.g. Glass, rubber, plastic, etc. 


Il. When sphere C is brought in contact with A, then 
charge on sphere C, 


-latga 
we g 2 
and new charge on sphere A, q4 = AA 
When sphere C is brought in contact with B, then charge 
on sphere C, 
Ga 
aay 
q = fe 7458 - 2 il 
F 2 2 
sda + 2gp 
4 
+ 2q5 


<- New charge on sphere B, q} = 4a 


4 


12. The basic cause of quantisation of charge is only the 
integral number of electrons which is transferred from 
one body to another, i.e. + ne. 


13. No, a body cannot have charge 1.5 e. It is because the 
physically existing charge is always an integral multiple 
of e, i.e.1.6x 107° C. i 

14. We know that, g = ne 


- = 1=nx16x10” [given, q =1C] 
Le, h= — z =6x10" 
16x10 


“IC is the charge of 6x10" electrons, 


So, a coulomb of charge is bigger than the charge on an 
electron. 


15. In ordinary matter, a positive charge is much less mobile 
than a negative charge. For this reason, an object 
becomes positively charged through the removal of 
negatively charged electrons rather than through the 
addition of positively charged protons. 

16. Electrons have been removed from the object. 


17. Since, the aeroplane and the gasoline truck usually have 
wheels with rubber tyres, they are insulated from the 
ground. Further, the service ramps are usually made of 
concrete and are not necessarily good conductors to the 
earth. Therefore, inspite of grounding metallic ropes, the 
aeroplane and the truck could remain charged. 


18. The insulating porcelain of the spark plugs accumulates 
a film of dirt. 


19. 


20. 


21. 


22 


23. 


24 


25. 
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The surface dirt is hygroscopic and picks up moisture from 
the air. Therefore, in humid weather, the insulating 
porcelain of the plugs becomes quasi-conductor. 7 
This allows an appreciable proportion of the spark to 
leak across the surface of the plug instead of discharging 
across the gap. 


When a bird is perched on a bare high power line, the 
circuit does not get completed between the bird and the 
earth, therefore nothing happens to the bird. 


When a man standing on ground touches the same line, 
the circuit between the man and the earth gets 
completed. As a result, he gets a fatal shock. 


Both the human body and the copper rod conduct 
electricity. When it is attempted to charge a copper rod 
by rubbing, the charge flows from the rod to the earth 
through the hand. However, when ebonite rod is 
charged by rubbing, the charges so produced stay on the 
ebonite rod as itis a bad conductor of electricity. 


During landing or take off, the tyres of aircrafts get 
charged dueto the friction between tyres and ground. In 
case, the tyres are slightly conducting, the charge 
developed on the tyres will not stay on them and it finds 
its way to the earth. 


Paper is a dielectric, so when a positively charged glass 
rod is brought near it, atoms of paper get polarised, with 
centre of negative charge of atoms coming closer'to the 


glass rod. 
AF 
++ 
e 2 Glass rod 
F, Paper 


Therefore, force of attraction F, between glass rod and 
piece of paper becomes greater than the force of 
repulsion F, between the glass rod and the piece of 
paper. This results in attraction of the piece of paper 
towards the glass rod. 


Yes, because when a charged body is brought near to 
uncharged body, opposite kind of induced charge is 
produced on an uncharged body. Therefore, the charged 
body attracts the uncharged body. 


Yes, two balls having same kind of charge can attract 
each other. If any one of them has more charge as 
compared to the other, then due to the induction, they 
induce opposite kind of charges on the faces of each 
other when they are brought nearer, Therefore, they 
behave as oppositely charged balls and hence they 
attract each other. 


Yes, the whole charge of a body P can be transferred to a 
‘conducting body Q, when P is enclosed by Q and is 
connected to it. This is because the charge always 
resides on the outer surface of the conductor, 


Electric Charges and Fields 


26. 


27. 
28. 


29. 


30. 


31. 


When a glass rod is rubbed with a silk cloth, charges 
appear on both, these charges are equal in magnitude and 
opposite in sign, so that algebraic sum of the charges 
produced on both is zero. The net charge on the two 
bodies was zero even before rubbing them. Thus, we find 
that charges can be created only in equal and unlike pairs. 
This is consistent with the law of conservation of charge. 
Refer to text on page 3. 


No, this does not imply that the wall is positively charged. 
The balloon induces a charge of opposite sign in the 
ceiling of the wall, causing the balloon and the ceiling to 
be attracted to each other. The balloon eventually falls 
because its charge slowly diminishes as it leaks to ground. 
Some of the charge on the balloon could also be lost due to 
the presence of positive ions in the surrounding 
atmosphere, which would tend to neutralise the negative 
charges on the balloon. 


Given, mass of a paisa coin, m = 0.75 g 


Atomic mass of aluminium, M = 26.9815 g 
Length of the diagonal of square shaped paisa coin=17 mm 
Avogadro's number, N , = 6.023x 10” 


Na 6.023 x 10” 
> n=—-~xm=——— 


X 0.75 g= 1.6742 107 
M 26.9815 g 


Since, atomic number (Z) of Al is 13, therefore each atom of 
Al contains 13 protons and 13 electrons. Now, find out the 
magnitude of positive and negative charges present in one . 
paisa coin. 

nZe = 1.6742x 10” x 13x 1.6x 107" C = 34,8kC 


Now, write the conclusion drawn from this magnitude of 
charge. 


34.8 kC is a very large amount of charge. This concludes 
that ordinary neutral matter contains an enormously large 
amount of positive and negative charges. 


(i) When an object is charged by induction, there is no 
physical contact between the object being charged and 
the object used to do the charging. In contrast, charging 
by contact, as the name implies, involves the direct 
physical contact to transfer charge from one object to 
the another. 

(ii) When an object is charged by induction, the sign of the 
charge that the object acquires is opposite to that of the 
object used to do the charging. Charging by contact 
gives the object being charged the same sign of charge 
as the original charged object. 


(i) Refer to text on page 3. ; 

(ii) In practice, the charge on a charged body is very 
large. On the other hand, the charge on an electron is 
very smal]. When electrons are added to a body or 
removed from a body, the change taking place in the 
total charge on the body is so small that the charge 
seems to be varying in a continuous manner, 
Therefore, quantisation of electric charge can be 
ignored, when dealing with a large scale charged 
body. 


32. Initially, the configuration shown is unstable. The 
negative charges repel each other. If there is any 
slight rotation of one of the rods, the repulsion can 
result in further rotation away from this 
configuration. 

There are three possible final configurations as shown 


below. 
+ + fs 
lA ‘|B A |8 
a ws + 
(a) 


(b) 


A B 


(c) 
Configuration (A) is stable. If the positive upper ends 
of both the rods are pushed towards each other, then 
their mutual repulsion will move the system back to 
the original configuration. Configuration (5) is an 
equilibrium configuration, but it is unstable. If the 
lower ends of both the rods are moved towards each 
other, then their mutual attraction will be larger than 
that of the upper ends and thus, the configuration will 
shift to (c), another possible stable configuration 


33. For the protons, the charge on proton is +e. 
If the number of up quarks are a, then the number of 
down quarks are (3 — a) as the total number of quarks 


are 3. So, a x up quark charge + (3 — a) down quark _ 
charge) = +e 


ax Ze} +(3-0)(~£)=¢ 


2ae _(3-a)e 


> =e => 2a-3+a=3 
3 3 
=> 3a =6 
= a=2 
Thus, in the proton, there are two up quarks and one 
down quark. 


.. Possible quark composition for proton = uud. 
For the neutron, the charge on neutron is 0, 


Let the number of up quarks be b and the number of 
down quarks be 3 — b. 


So, b x up quark charge + (3 — b) down quark charge 


=0 
is i(%) 0-0 (-£}=0 
3 3 
= 2b-3+b=0 
=> 3b=3 
= b=1 
Thus, in neutron, there is one up quark and two down 
quarks, 


“. Possible quark composition for neutron = udd. 


8 


34. As charges are additive in nature, i.e. the total charge of 
‘a system.is the algebraic sum of all the individual 
charges located at different points inside the system, i.e. 

Ina = 9 +92 +93 +94 +495 
` Total charge = +1 +2-3+4 —5 = —1 in the same unit. 

S5. The negative charge is due to the presence of excess 
electrons. Because an electron has a charge whose 
magnitude is e = 1.6x107™™ C, the number of electrons is 

equal to the charge q divided by the charge e on each 


electron. 
Therefore, the number of electrons is 
qe Ge Oo 6.25x10"* electrons 


e 16x10” 
36. Here, 4, =—6 pC 
and g,=ne=5x 10" x (16x i) 
=8.0x 107C 
= 0.8x 10° C= 0.8uC 


Since, electrons are removed from the sphere, q, is 
positive. 
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Therefore, net charge on the sphere, | 
q=q +492 
= (— 6.0+ 0.8) uC 
=—5.2uC 
37. (i) The charge of an electron = —16x10-"C 
Net charge on sphere = — 2.5x10-°C 
So, the number of excess electrons 
_ -2.5x10-°C 
-1.6x10°"'C 
(ii) Atomic number of lead is 82. 
Atomic mass of lead is 207 g/mol. 
<. 10 g of lead will have 


=1.5x10"° electrons 


ę 
Ue x 6.02107? atoms/mol 
207 g / mol 


= 2.91 x10” atoms 
. The number of excess electrons per atom 
_ 1.56x10"° 
~ 2.91x10” 
= 5.3610" electrons 


Coulomb’s Law and Electrostatic Field 


COULOMB’S LAW 


The force of interaction (attraction or repulsion) between 
two stationary point charges in vacuum is directly 
Proportional to the product of the charges and inversely 
Proportional to the square of distance between them. 
Mathematically, electrostatic force between two stationary 


charges is given by 
q? — — "a5 
'+———______,, 
F= Algal 


where, % is a Proportionality constant. 
In SI unit, k is given by 


] 
k= 
4NE o 


=9x 10? N-m?C 


where, € 9 = 8.85 x 107? C’N7!m™ and is called the 
permittivity of free space. 


ie, F =9x 10° ta 
The Coulomb force acts along the straight line connecting 
the points of location of the charges. It is central and 
spherically symmetric. 

If gi = 42 =1C 


and r=lm 


1x1 
Then, F=9x10? —— 


(1)? 


F=9x10°N 


ie. One coulomb is the charge, that when placed at | 
distance of 1m from another charge of same magnitude in _ 
vacuum, experiences an electric force of repulsion of 

magnitude 9 x 10° N. Coulomb is a bigger unit, in practice 
we use smaller units like mC or uC. 


Electric Charges and Fields 


Absolute Permittivity of Medium 
(Dielectric Constant) 
The force between two charges q) and q, located at a 
distance r apart in a medium may be expressed as, 

1 laal 


en "ia s2 


where, £ is absolute permittivity of the medium. 


1 |ai9ol 
Now Fyacuum 2s ATE o r? Aa 
Fedon l EKA Ey 
ÁTE r? 


. È: oe A 
The ratio 2 is denoted by €,, which is called relative 
0 
permittivity of the medium with respect to vacuum. It is 
also denoted by X called dielectric constant of the medium. 
It has no unit being a ratio. 


ev FE 
K (ore,)=—= vacuum 
Ey P lium 
= e=K Ee, 
1 iqq] 
medium ATE, Kr? 


.Coulomb’s Law in Vector Form 


Consider two like charges q, and q, presentat points-A and 
B respectively in vacuum at a distance r apart. 


Ne oy Fay 
9; 2 
Coulomb force between two charges 
According to Coulomb’s law, the magnitude of force on 
charge g) due to g, (or on charge q; due to q) is given by 


l 92 ; 
Fy, = Fx n y vi) 
Let r, be the unit vector pointing from charge q, to q. 
l 192 » ij 
=— . 212; ++ (ii) 
Amey rè ” 


[~ F,, is along the direction of unit vector r34] 
Also, r, be the unit vector pointing from charge g, (oq). > 


l 992 » ses 
F,,= =f .. (iii) 
2i 4TE p r? 4 


[e F, is along the direction of unit vector 1,3] 


to) =~ ia 


Eq. (ii) becomes, 
-l 492. 


F, =— tf 20s BV) 

12 ATE 9 r2 12 

On comparing Eq. (iii) with Eq. (iv), we get 
F =-F,, 


i.e. Coulomb’s law agrees with Newton’s third law. 


Comparison of Coulomb’s 
Law with Gravitational Law 


Both the Coulomb’s and Newton’s law follow inverse 
square law. According to Newton's universal law of 
gravitation, “every body in the universe attracts every other 
body with a force which is directly proportional to the 
product of the masses of two bodies and inversely 
proportional to the square of distance between them.” Le. 
Gmm, 


As discussed earlier, according to Coulomb’s law 
= kaq2 
f = 9 
72 
The electric force is much stronger than the gravitational 
force between two electrons. 


ie. F,.=107F, 


EXAMPLE |1| What is the force between two small 
charged spheres having charges of 2x 107°C and 

3x 107’ C placed 30 cm apart in air? 
Sol. Given, q, =2x107 C 


NCERT 


q} =3X10C 
r = 30cm 
=30x10°m 
=0.3m 
k=9x10°N-m’C* 
F=? 
We have, F = J ERAI 
ARNEp ore 


k 
lagal | la | wai) 
r` ATE, 
Substituting the given values in Eq. (i), we get 
pe: (9x10°N-m?C™)(2x107’ C)x(3x107 C) 


(0.3m)? 
F =6x10°N 
This force is repulsive, since the spheres have same 
charges. 
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EXAMPLE |2|The sum of two point charges is 71C. 
They repel each other with a force of 1 N when kept 30 cm 
apart in free space. Calculate the value of each charge. 

i Foreign 2009 


Sol. Let one of two charges be xC. Therefore, other charge 
will be (7 — x)uC. 


By Coulomb's law, 
we! 1 Qg 
4me, r? 
z7 = 9% 10° x OXO NT x) x 10°F 
(0.3)? 
= 9x10? =910" 7" x(7- x) 
= 10 = x(7 — x) 


=> x?-7x+10=0 
=> (x-—2)(x-—5)=0 
= x=2pC or 5pC 
“Therefore, charges are 2uC and 5C. 


FORCES BETWEEN MULTIPLE 
CHARGES: SUPERPOSITION 
PRINCIPLE 


According to the superposition principle, forces on any 
charge due to number of other charges is the vector sum of 
all the forces on that charge due to other charges, taken one 
at a ume. The individual forces are unaffected due to the 
presence of other charges. ; 
Consider a system ofn point chargesq,, Em o Fia Fiz 
92> 93»---+4„ be distributed in space in ~ 
a discrete manner. The charges are 
interacting with each other. Let the 
charges be 92>932-++14, exert forces 
F,,,F,3,--.,F,,, respectively on charge ; 
Ji- hiz, 
Then, according to the principle of 
superposition, the total force on charge 
q, is given by I2 43 M 
F, = Fiz +Fist-..+F,,  , “...(i) 
If the distance between the charges g, and q, is denoted as 
72 and f,, is unit vector from charge g, to q,, then 


1 992. 
F,,:= — E 
1? 4nEo rå 21 


Similarly, the force on charge q, due to other charges is 
given by 

1 gi, ] 

F = ; : F > =- 

3 AnEo r2 S A 4ne, r? 


nl 


„fn $ 


nl 
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Substituting these values in Eq.(i),,we get 


pa k TOELAE R 


t 
2 yd nl 
ANE 9 \ rj 5) fni 
n 
=> li =- fis, 
ATE o 522 ri 


Note This force is on the charge which is to be studied due to other 
charges. 


EXAMPLE |3|Two charges each of +q Coulomb are 


placed along a line. A third charge —g is placed between 
them. At what position will the system be in equilibrium? 
Sol. J+ N S ____» 
+Q -9 +Q 
e— utita 


A O B 


tee f 4 


For charge -q to be in equilibrium, force on the charge 
—q at point O due to the charge +Q at point A should be 
equal and opposite to that due to the charge +Q at the 


1 
point B, i.e. TE s Qa ; 
4MEy x" ANE, (r—x) 
D x? =(r—x)? 
or x=r-x 
ř 
y= 
2 


Hence, for equilibrium the charge —q should be kept at 
the middle of the line joining the points A and B. 


EXAMPLE |4| Find the magnitude of the resultant 
force on a charge of 1 uC held at P due to two charges of 
+2x10 °C and—10°°C at A and B, respectively. 
Given, AP = 10cm, BP =5cmand ZAPB =90°, 


Sol. Here, charge at P, q =1 uC =10°°C 
Charge at A,q, = 2x107°C 
Charge at B, q, =-107°C 
AP = 10cm= 0.1m, BP = 5.cm=0.05 m, 
ZAPB=90°,F =? 
Force at P due to q, charge at A, F, = aid along 
4m€, AP 


9x 10x 2x 10°%x 107° © 


AP produced = x =18x 10°N 
(0.1) 
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Force at P due to q, charge at B, F; = cali 929 along 
AR e, BP? i 


9x 10° x -10% x 107° 
PB produced = ee EM. 
; (0.05)? 
As, angle between F, and F, is 90°, 
+. Resultant force, 


F= JF? + Fy = (18x 107)? +(-36 x 107) 


= (324 +1296) x10 
= ¥1620x107° 


= 40.2x10° 
=4.0x10°N 


=-36x 10°N 


EXAMPLE |5|Two equal positive charges, each of 2u1C 
interact with a third positive charge of 3uC situated as 
shown in figure. Calculate the magnitude and direction of 

the force on the 34C charge. NCERT 
Sol. In the figure, OA = OB = 3m, OP = 4m 


2 uC 
A Y% 
i i 
3m; B’ 
' u 
o ea a X 
P 
i A’ 
3m 
Y 
B Y 
2uC 


AP = BP = y3° +4” =5m 
According to Coulomb’s law, 
force on charge at P due to charge at A, 
F, = 1 N42 

4me, AP? 

_ 9x10" x(2x107°) x(3x10°°) _ 54 

- 5? 25 

= 2.16x 10° N, along PA’. 
It has two rectangular components F, cos @ along PX and 
F, sin @ along PY’. 
Similarly, force on charge at P due to charge at B, F, = F, 
(in magnitude). It is along PB’. It also has two rectangular 
component F, cos @ along PX and F, sin 0 along PY. 
The components along PY and PY’ cancel. The 
components along PX add up. 
+. Total force on 3 tC charge is 

F = 2F, cos 8 


Piet 
= 2x 216 X10 X— 


x10 


=3.5x 10° N, along PX. 


I] 


ELECTROSTATIC FORCE DUE 
TO CONTINUOUS CHARGE 
DISTRIBUTION 


The region in which charges are closely spaced is said to 
have continuous distribution of charge. Continuous 
charge distribution ís of three types; linear charge 
distribution (one dimensional), surface charge distribution 
(two dimensional) and volume charge distribution (three 
dimensional). 


Linear Charge Density 


Linear charge density is defined as the charge per unit 
length of linear charge distribution. 


i.e. =— 


Its SI unit is coulomb/metre. 


Electric force at a point due to a linear charge distribution is 
1o dal z 


given by = 


where, ry = r — r’, r’ is the position vector of length element 
dl with respect to origin and r is the position vector of 
charge qo with respect to origin. 


Surface Charge Density 


Surface charge density is defined as the charge per unit 
surface area of surface charge distribution. 

di 
ie. o=% 

dS 

TOT 2 

Its SI unit is coulomb/metre~. 
Electric force at a point due to a surface charge distribution 
is given by 


Jo f ods . Y § 
i 
~~ gr Q 
ANES r 
where, rp=r- r^ r’ is the qo 


position vector of surface 
element dS with respect to 
origin and r is the position 
vector of charge gy with 7 
respect to origin. 
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Volume Charge Density 


Volume charge density is defined as the charge per unit 
volume of volume charge distribution. 


é dq 
i.e. $=— 

dV 
Its SI unit is coulomb/metre’. 
Electric force at a point due to volume charge distribution is 
given by 


j 
F= f , pa fo 

ATE o v fo 
where, ro=r—r’,r’ is the 
positon vector of volume 
element dV with respect to 
origin and r is the position 
vector of charge gy with Z 
respect to origin. 


EXAMPLE |6| What charge would be required to 
electrify a sphere of radius 25 cm, so as to get a surface 


charge density of = Cm? 


Sol. Here, r= 25 cm = 0.25 m,o = Z Cm”? 
LS 


q 
o = — 
anr 
g =4nr'o =4n x (0.25)? x Sc 075C 
n 


EXAMPLE |7| The radius of gold nucleus (Z =79) is 


about 7.0x10~™m. Assuming that the positive charge is 
distributed uniformly throughout the nuclear volume, 
find the volume charge density. 
Sol. The total positive charge in the nucleus is given by 
g = + Ze =79x1.6X107 C 


Volume charge density, § = 7- 


nR? 
3 
79x16x10” 
~ 4/3 3.14 x (7.0x ote 
= 0.088 x10" 
= 88x10" Cm’? 


ELECTRIC FIELD 


The electric field due to a charge Q at a point in space may 
be defined as the force that a unit Positive charge would 
experience if placed at that point. 


| 
| 
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The charge Q which produces the electric field is calleg 
source charge and the charge g which experiences the effec, 


of source charge is called test charge. 


Electric Field Intensity 


The electric field intensity at any point due to source charge 
is defined as the force experienced per unit positive tes 
charge placed at that point without disturbing the source 


charge. 


It is expressed as, E = — 


qo 
where, E = electric field intensity and 
and F= force experienced by the test charge qg- 


r b . =j 
It is a vector quantity and its SI unit is NC. 


The figure (a) is representing the electric 
field due to charge +. In this, it can be 
seen that for a positive charge, the 
electric field vector is directed radially 
outwards, i.e. away from positive 
charge. (a) 


The figure (b) is representing the 
electric field due to charge —g. In 
this, it can be seen that for a negative 
charge, the electric field vector is 
directed radially inwards, i.e. towards 
negative charge. 


Electric Field due to a 
Point Charge 


We have to find the electric field at a point P due toa point 
charge +q placed at the origin such that OP = r. 


Y 


Electric field due to a point charge in coordinate frame 


lo find the electric field at point P, we have to find the 
electric force on a test charge gq placed at point P, due to 
source charge q. 

According to Coulomb's law, force on the test charge go ` 
due to charge g is given by 


Electric Charges and Fields 


l 940. 


“aneo re 
If E is the electric field at a point P, then 


F 
E= lim —_—= lim l ; aah. 990 f 
qa >A Jy 1979 do 4ne 0 r? 


l q 
E= Lig ; 
> ienr î (i) 


The magnitude of the electric field at a point P is given by 
1.4 


ANE, r? 


From the above formula, it is clear that electric field at any 
point in space due to a charge depends only on the distance. 
That means, the magnitude of electric field due to point 
charge is same at all the points of sphere, i.e. it has spherical 
symmetry. 


EXAMPLE |8| A conducting sphere of radius 10 cm has 
an unknown charge. If the electric field 20 cm from the 
centre of the sphere is 1.5 x 10° N/C and points radially 


inwards, then what is the net charge on the sphere? 
NCERT 


Sol. Let the value of unknown charge be q. 
Electric field at 20 cm away, E =1.5 x 10° N/C 


pec 
4TE, r 
=51.5Xx10° = 9x10" xq 


(20 x 10" *)? 
3 -A 
got Ký axi -basae 
9x10 


As the electric field is radially inwards which shows that 
the nature of unknown charge q is negative. 


Electric Field due to System 
of Charges 


Consider that n point charges J)» 42» 93» +++ In Cxert forces 
F,,F,,F,,...,F, ona test charge go placed at origin O. 


Let F, be the force due to ith charge q; On Jo, then 


4NEy r; 
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where, r; is the distance of the test charge go from q;- 


Yi ; fe 
Z | Na, 
qı 


The electric field at the observation point P is given by 


F; rf 1 ġğ; 
E; = lim — = lim | — . fifo F, 
qo > 0go qo> 0 qo 4lE o r? 


ali Gi) 
ÁTE p r; 


IFE is electric field at point P due to the system of charges, 


then by principle of superposition of electric fields, 


E =R peEsrl, +---+E, = 2E; 


gg 


Using Eq. (i), we get 
gi 


y di: 


or ? 1 
ANE g i=l ry 


‘ E is a vector quantity. 


EXAMPLE |9| Two charges +Qand —Qare kept at points 
(-x,,0) and (x,,0) respectively, in the XY-plane. Find the 
magnitude and direction of the net electric field at the 
origin (0,0). All India 2009 


Hints: To find the electric field intensity at a point due to 
two charges, first of all find the individual electric field due 
to both charges and then find the resultant field by using 
vector addition. 


Sol. i x, ' 
A 8 


e—a 
+Q (0) E, E> -Q 
(xı. 0) 


Electric field intensity at point O due to +Q charge, 
1. @ 


E = x ~ (towards B) i) 
Ame) (x) 
Electric field intensity at point O due to -Q charge, 
2= i x Q ; (towards B) (ii) 
4me, (x) x 


‘ E, and E, act along the same direction. 
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«©. Net electric field intensity at point O is given by 
E=E, +E; 

= ere oieta 

ATE) (x3) ATE, 


es 
ATE] xD xy 


EXAMPLE |10| Two point charges +Q and +40 are 


separated by a distance of 6a. Find the point on the line 
joining the two charges, where the electric field is zero. 
SoL The electric field is zero at point P only, if the field due to 
charge + Q balances the field due to charge + 4Q. 


+Q— P — 6 a —— +40 


x ai (towardsB) 
(x, ) 


l: 2 

x (6a—x) 
=> 2x =6a-xX 
=$ x= 2a 


<- The required point is at a distance of 2a from + Q. 


Physical Significance of Electric Field 


The physical significance of electric field is that we can 
readily calculate the magnitude and direction of force 
experienced by any charge gy placed at a point by knowing 
the electric field intensity at that point. 


ELECTRIC FIELD LINES 


An electric field line in general is a curve drawn in such a 
way thar the tangent to it at each point is in the direction of 
the electric field at chat point. A field line is a space curve, 
i.e. a curve in three dimensions. 

Electric field lines are thus used to pictorially map the 
electric field around a charge or a configuration of charges. 


Field lines showing electric field 
of a point charge 


i 


| 


1| 
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The density of field lines is more near the charge. Away 
from the charge, the field is weak, so the density of field 


lines is less. 
Properties of Electric Field Lines 


Electric field lines follow some important properties which 
are discussed below 
(i) Electric field lines start from positive charges and end 
at negative charges. In the case ofa single charge, they l 
may start or end at infinity. 
(ii) Tangent to any point on electric field lines shows the 
direction of electric field at that point. 
(iii) Two field lines can never intersect each other because 
if they intersect, then two tangents drawn at that point 
will represent two directions of field at that point, 
which is not possible. | 
(iv) In a charge free region, electric field lines can be taken 
to be continuous curves without any breaks. 
(v) Electric field lines do not form closed loops (because 
of conservative nature of electric field). 
(vi) Electric field lines are perpendicular to the surface of » 
a charged conductor. 
(vii) Electric field lines contract lengthwise to represent 
attraction between two unlike charges. 
(viii) Electric field lines exert sideways pressure to represent 
repulsion between two like charges. 


Note Electric field lines and its properties have been generally 
asked in the form of questions in previous years. All India 2014, 
2011, Delhi 2012. 

Representations of Electric Field 


For different types of electric field, lines are represented as 


shown below 
E 


m 
Y 
LP) 


Py 


g 


Electric field lines for 
a non-uniform field 


Electric field lines for 
a uniform field 


The electric field lines start from positive charges and end at 
negative charges, 


DA 
SJN 


Direction is away 
from the positive charge 


\ 17 
aN 


Direction is towards 
the negative charge 


en 
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(ANB g 
7 x San ASS 
f. ay (91< Qo) 
(a) (b) 


It is a common misconception that the path traced by a 
positive charge is a field line. The path traced by a unit 
positive test charge represents a field line only when it 
moves along a straight line. 


EXAMPLE |11| Explain, why the following curves 
cannot possibly represent electrostatic field lines?NCERT 


(a) 


Sol. (a) Electrostatic field lines cannot start from a negative 
charge. 


(b) Electrostatic field lines cannot end at positive charge. 
(c) Electrostatic field lines cannot form closed loops. 


Conductors in an Electrostatic Field 


(i) Electric field lines do not pass through a conductor. 
Hence, the interior of the conductor is free from the 
influence of the electric field. 


Solid or hollow 


conductor 
no field 


Electrostatic shielding 


(ii) Total charge of a charged conductor lies at the outer 
surface of the conductor. 

(iii) The magnitude of field strength at any point on the 
surface of the conductor is proportional to surface 
charge density at that point. 
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TOPIC PRACTICE 2| 


OBJECTIVE Type Questions 


SI unit of electrical permittivity is 
(a) N-m?C? (b)Am~? (HNC? (AON m? 


2. Force between two charges varies with distance 


3. 


4, 


5. 


between them as 


F 


a) 


(b) 


(c) (d) 
T r 


Two charges +1uC and +4uC are situated at a 


distance in air. The ratio of the forces acting on 
them is 


(a)1:4 (b) 4:1 (c) 1:1 (d)1:16 
A charge q is placed at the centre of the line 


joining two equal charges Q and Q. The system 
of the three charges will be in equilibrium, if gq is 
equal to 


(a)-—Q/2 (b)-Q/4 (c)+Q/4 = (d)+Q/2 
In figure two positive charges q, and q, fixed 


along the y-axis, exert a net electric force in the 
+ x-direction on a charge q, fixed along the 


x-axis. If a positive charge Q is added at (x, 0), 
the force on q, NCERT Exemplar 


(ii) 


(a) shall increase along the positive x-axis 

(b) shall decrease along the positive x-axis 

(c) shall point along the negative x-axis 

(d) shall increase but the direction changes because of 
the intersection of Q with q, and g; 
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6. A force of 2.25 N acts on a chrage of 15x10 C, 


The intensity of electric field at that point is 
(a) 150 NC (b) 15 NC7' 
(c) 1500 NC (d) 1.5 NC™' 


7. Inthe diagram shown below, 


P 


Q 


(a) field strength at P is less than field strength at Q 
(b) field strength at P and Q are equal 

(c) field is more strong at P and less strong at Q 

(d) cannot be tell from the figure - 


8. A point positive charge is brought near an 


isolated conducting sphere (figure). The electric 
field is best given by NCERT Exemplar 


(c) (d) 


9. A hemisphere is uniformly charged. The electric 


10. 


field at a point on a diameter away from the 
centre is directed 


NCERT Exemplar 
(a) perpendicular to the diameter 

(b) parallel to the diameter 

(c) at an angle tilted towards the diameter 

(d) at an angle tilted away from the diameter 


A point charge + q is placed at a distance d from 
an isolated conducting plane. The field at a 
point P on the other side of the plane is 
NCERT Exemplar 
(a) directed perpendicular to the plane and away from 
the plane 
(b) directed perpendicular to the plane but towards 
the plane 
(c) directed radially away from the point charge 
(d) directed radially towards the point charge 
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VERY SHORT ANSWER Type Questions 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21, 


22. 


23. 


24. 


Does the Coulomb force that one charge exerts 
on another charge changes, if other charge is 
brought nearby? 


In Coulomb's law, F = kaita, what are the 
r 


factors on which the proportionality constant k, 
depends? 


If the distance between two equal point charges 
is doubled and their individual charges are also 
doubled, then what would happen to the force 
between them? 


A metallic spherical shell has an inner radius R, 
and outer radius R,. A charge Q is placed at the 
centre of the spherical cavity. What will be 
surface charge density on (i) the inner surface 
and (ii) the outer surface? NCERT Exemplar 


The test charge used to measure electric field at 
a point should be vanishingly small. Why? 


A point charge q is placed at the origin. How 


does the electric field due to the charge vary 
with the distance r from the origin? 


Force experienced by an electron in an electric 
field is F newton. What will be the force 
experienced by a proton in the same field? 
Take, mass of a proton is 1836 times the mass of 
an electron. 


Two point charges of + 3 uC each are 100 cm 
apart. At what point on the line joining the 
charges will the electric field intensity be zero? 


A proton is placed in a uniform electric field 
directed along a positive X-axis. In which 
direction will it tend to move? 


Why electrostatic field be normal to the surface 
at every point of a charged conductor? 


An electrostatic field line is continuous curve, se 
a field line cannot have sudden breaks. Why not? 


Why should electrostatic field be zero inside a 
conductor? 


Why do the electric field lines not form closed 
loops? Delhi 2015 


The dimensions of an atom are of the order of 
an angstrom. Thus, there must be large electric 
fields between the protons and electrons. Why, 
then is the electrostatic field inside a conductor 
zero? NCERT Exemplar 


Ele 
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SHORT ANSWER Type Questions 


25. 


26. 


27. 


28. 


29. 


In the given statement, point out the correct or 
incorrect word or phrase with a proper 
explanation. 


“The mutual forces between two charges do not 
get affected by the presence of other charges.” 


Plot a graph showing the variation of 
Coulomb's force (F) versus1/r?, where r is the 


distance between the two charges of each pair 
of charges (l uC, 241C) and (14C, - 3 4C). Interpret 
the graphs obtained. 


A charge q is placed at the centre of the line 


joining two equal charges (Q). Show that the 
system of three charges will be in equilibrium, if 


a 2 

An uncharged metallic ball is suspended in the 
region between two vertical metal plates. If the 
two plates are charged, one positively and one 
negatively, then describe the motion of the ball 
after it is brought into contact with one of the 
plates. 


Sketch the electric field lines for a uniformly 
charged hollow cylinder as shown in the figure. 
NCERT Exemplar 


+++ tt t+ 
++ + geet + 


LONG ANSWER Type I Questions 


30. 


31. 


32, 


Check that the ratio ke?/Gmn, is 
dimensionless. 

Look up a table of physical constants and 
determine the value of this ratio. What does the 
ratio signify? NCERT 


Consider three charges Q,, Qz, Q3 each equal to 
Q at the vertices of an equilateral triangle of 

side a. What is the force on a charge q (with the 
same sign as q) placed at the centroid of the 
triangle? NCERT 


An oil drop of 12 excess electrons is held 
stationary under a constant electric field of 
2.55 x 104 N/C in Millikan’s oil drop experiment. 


33. 


34. 


[7 


The density of the oil is 126 g/cm’, Estimate the 
radius of the drop. 


(Take, g = 9.81 m/s”, e= 1.6% 10°C). NCERT 


Five charges, q each are placed at the corners of 
regular pentagon of side a as shown in the 
figure. 


w——d—+! 


(i) (a) What will be the electric field at O, the 

centre of the pentagon? 

(b) What will be the electric field at O, if the 
charge from one of the corners (say A) is 
removed? 

(c) What will be the electric field at O, if the 
charge q at Ais replaced by -q? 

(ii) How would your answer be affected, if 
pentagon is replaced by n-sided regular 
polygon with charge q at each of its corners? 

NCERT Exemplar 


Figure shows the electric field lines around 
three point charges A, B and C. 


(i) Which charges are positive? 
(ii) Which charge has the largest magnitude? 
Why? 
(iii) In which region or regions of the picture 
could the electric field be zero? Justify your 


answer. NCERT Exemplar 
(a) Near A (b) Near B 
(c) Near C (d) Nowhere 


LONG ANSWER Type I Questions 


35. Four point charges q a = 2C, qg =-5uC, 


qo =2pC and qp = -5C are located at the 
corners of a square ABCD of side 10 cm. What is 
the force on a charge of 1C placed at the centre 
of the square? NCERT 
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36. 


A free pith-ball of 8 g carries a positive charge 
of 5x 10°C. What must be the nature and 
magnitude of charge that should be given to a 
second pith-ball fixed 5 cm vertically below the 
former pith-ball, so that the upper pith-ball is 


stationary? All India 2011 
NUMERICAL PROBLEMS 
37. The dielectric constant of water is 80. What is 


38. 


39. 


41. 


42 


43. 


its permittivity? 

Two equal balls having equal positive charge 

q coulombs are suspended by two insulating 
strings of equal length. What would be the 
effect on the force when a plastic sheet is 
inserted between the two? All India 2014 


Two point charges having equal charges 
separated by |] m distance experience a force of 
8 N. What will be the force experienced by 
them, if they are held in water, at the same 
distance? (Given, K water = 80) All India 2011 


A charge q =1:C is placed at point 
(I m, 2m, 4 m). Find the electric field at point 
P (0 m, -4 m, 3 m). 


An infinite number of charges each equal to q 
are placed along X-axis at x =1, x =2, x=4,x=8 
and so on. Find the electric field at the point 

x = 0 due to this set up of charges. 


The opposite corners of a square carry Q charge 
each and the other two opposite corners of the 
Same square carry q charge each. If the 
resultant force on q is zero, how are Q and q 
related? 


(i) Two insulated charged copper spheres A 
and B have their centres separated by a 
distance of 50 cm. What is the mutual force 
of electrostatic repulsion, if the charge on 
each is6.5x 1077C and the radii of A and B 
are negligible compared to the distance of 
separation? 

(ii) What is the force of repulsion, if each sphere 
' is charged double the above amount and the 
distance between them is halved? 


NCERT 


Suppose the spheres A and Bin Q. 43 have 
identical sizes. A third sphere of the same size 
but uncharged is brought in contact with the 
first, then brought in contact with the second 


45. 


46. 
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and finally removed from both. What is the new 
force of repulsion between Aand B? NCERT 


Figure represents a crystal unit of caesium 
chloride CsCl. The caesium atoms, represented 
by open circles are situated at the corners of a 
cube of side 0.40 nm, whereas a Cl atom is 


situated at the centre of the cube. The Cs atoms - 


are deficient in one electron while the Cl atom 
carries an excess electron. 


10.40 nm 

o Cs* e CIT 

(i) What is the net electric field on the Cl atom 
due to eight Cs atoms? 

(ii) Suppose that the Cs atom at the corner A is 
missing. What is the net force now on the Cl 
atom due to seven remaining Cs atoms? 


NCERT Exemplar 


In the figure below, the electric field lines on the 

left have twice the separation of those on the 

right. 

(i) If the magnitude of the field of A is 40 N/C, 
then what force acts on a proton at A? 

(ii) What is the magnitude of the field at B? 


| HINTS AND SOLUTIONS | 


- (d) From Coulomb's law, F = 1. 92 
4me, r? 
. Electrical permittivity, £% = | | CxC 
4nxF xr? Nx m? 


*. Unit of electrical permittivity = C?N~!m7~? 


. (c) According to Coulomb's law, force between two 


; f 1 
point charges, i.e., F œ —, Therefore, the graph between 
R 
F andr will be as shown in Fig.(c). 
(c) According to the Coulomb’s law, 


Force, F = } ut 
ARE r? 


T 
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where, qg = +1pC=1x10°C 
q2 =+4nC=4x10°C 
r = distance between the charges, 
Force on first charge due to second charge, 
1 10° x4 x10 


ATE, ne 


Force on second charge due to first charge, 
1 10°x4x10° 


Fy, = 


Fay =——- 
21 ATE, r 
ho =" > Fi = Fa 
F,,2 Fy =1:1 
4. (b) Consider the situation shown in figure. 
k— x — 
e—a 
q 
k— X —i i 


For the system to be in equilibrium, 


1 Qq_ -1 Q 
ANE x? 4m€, (2x)? 
= =-Q/4 


5. (a) The net force on q, by q, and q, is along the 


+ x-direction, so nature of force between q,, q, and 
qı, q; is attractive. This can be represent by the figure 
given below 


+Q 


+03 


The attractive force between these charges states that q, 
is a negative charge (since, q, and q, are positive). 
Thus, nature of force between q, and newly introduced 
charge Q (positive) is attractive and net force on q, by 
4, q, and Q are along the same direction as given in the 
diagram below 


The figure given above clearly shows that the force on q, 
shall increase along the positive x-axis due to the 
positive charge Q. 


2.25 N 
G.. (c) Blectric hid = 2 2 " 
q 15x10. C 


= 1500 NC” 
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7. (c) Areas of P-Q are equal but more lines pass through 


8. 


10. 


al 


12. 


13. 


14 


. 


area at P. Sò, field is stronger at P as compared to Q. 

(a) The free electrons in the sphere are attracted towards 
the positive charge. This leaves an excess of positive 
charge on the rear (right) surface of sphere. 

Electric field lines enter or leave perpendicular to the 
surface of charged conductor. 

Thus, the left surface of sphere has an excess of negative 
charge and the right surface of sphere has an excess of 
positive charge as given in the figure below 


Attracted negative 
Charge 


+a 


An electric field lines start from positive charge and ends 
at negative charge (in this case from point positive 
charge to negative charge created inside the sphere). 
Here, all these conditions are fulfilled in Fig. (a). 


N 


. (a) When the point is situated at a point on diameter 


away from the centre of hemisphere charged uniformly, 
the electric field is perpendicular to the diameter. The 
component of electric intensity parallel to the diameter 
cancel out. 


(a) When a point positive charge brought near an 
isolated conducting plane, some negative charge 
developes on the surface of the plane towards the 
charge and an equal positive charge developes on 
opposite side of the plane, so field lines are directed 
perpendicular and away from the plane. 

Yes, it changes as the distance becomes less. 

Here, k, is also called dielectric constant, whose value 


depends essentially on the type of substance and on the 
external conditions like temperature, pressure and so on. 


We know that by Coulomb's law, F =k Ns 
E- 


According to question, qf = 2q,.q3 = 2q2,r°= 2r 
FARE k(2q, M242) i Kq92 =F 

(2r)? r 
Hence, force between these charges remains same. 
When a charge +Q is placed at the centre of spherical 


cavity as shown in the figure, then charge induced on 
the inner surface of a shell is — Q and charge induced on 
the outer surface of a shell is + Q. 


+Q 


20 
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16. 


17. 


18. 


19. 


20. 


2L 


22. 


24. 


26 


Therefore, surface charge density on inner surface of shell is 


—~_ and on outer surface of shell is a 
4nmR; 


4nR; 
In case, test charge is not vanishingly small, it will produce 
its own electric field and the measured value of electric field 


will be different from the actual value of an electric field at 
that point. 


The electric field varies inversely as the square of the 
distance from the point charge. 


The proton will experience the same force F newton, but in 
the opposite direction. 


At the centre, since the electric field due to two charges is 
equal and opposite at this point. 


Proton will tend to move along the positive X-axis in the 
direction of a uniform electric field. 


For the condition of electrostatics, the electric field lines 
must be normal to the surface of the conductor, otherwise 
there would be a non-zero component of electric field along 
the surface of conductor and charges could not be at rest. 


An electrostatic field line cannot be a discontinuous curve, 
Le. it cannot have breaks.If it has breaks, then it will indicate 
absence of electric field at the break points. But the electric 
field vanishes only at infinity. 


Electric field lines do not pass through a conductor. Hence, 


the interior of the conductor is free from the influence-of the 
electric field. 


- Electric field lines do not form closed loops because they are 


always directed from positive charge to negative charge. 


The electric fields find the atoms to neutral entity. As it is 
known that, electrostatic fields are caused by excess charges. 
However, there is no excess charge on the inner surface of 


an isolated conductor. Therefore, electrostatic field inside a 
conductor is zero. 


- Correct, because mutual force acting between two point 


charges is proportional to the product of magnitude of 
charges and inversely Proportional to the square of the 


distance between them, i.e, independent of the other 
charges. 


According to Coulomb’s law, the magnitude of force acting 
between two stationary point charges is given by 


F= 192 (>) 
4me, J (r? 
For given q,q,, F « (>) 
r 


For (1 uC, -3 uC) 
pair of charges 


al For (1 4C, 2 4C) 
8 u pair oti charges 
20 

5S 

iss] 

= 


27. 


28. 


29. 


Telease its negative charge, acquire a positive charge 
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The slope of F - = graph depends on q, and q,. 
r 
Magnitude of q,q, is higher for second pair. 
“. Slope of F - 4 graph, corresponding to second 
r 


pair (1 C, —3 uC) is greater. Higher the magnitude 
of product of charges q, and q,, higher will be the 
slope. 


Suppose the three charges be placed as shown in the 
figure. 


Q q Q 
————+_——""—_ + 
A C B 


—— X —— X ——_ >} 


As the net force on q is zero, so it is already in 
equilibrium. For equilibrium of other two charges, 
the net force on each charge must be zero. 


Total force on charge Q at B is 


AAP OF, 1 = =0 
ANE x? 4me, (2x) 
l 1 F 
3 LA g 
ATE, x? ATE, 4x? 
Q 
: re 
4 


The two charged plates create a region with a 
uniform electric field between them, directed from 
the positive towards the negative plate. 

Once the ball is disturbed so as to touch one plate 
(say, the negative one), some negative charge will be 
transferred to the ball and an electric force will act on 
the ball, that will accelerate it to the positive plate. 
Once the ball touches the positive plate, it will 


and accelerate back to the negative plate. The 
metallic ball will continue to move back and forth 
between the plates until it has transferred all their 
net charges, thereby making both the plates neutral. 
Here, the hollow cylinder is positively charged. 

We know that, the electric field lines appear to 
come out from the conductor. Thus, the field lines 


for a uniformly positive charged hollow cylinder is 
shown in the figure. 


i 


30. In the ratio 
Gm 
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ke? 


, k =4ne, (constant) 
eM 
where, G = gravitational constant, 
m, = mass of an electron and m = mass of a proton. 


From Coulomb’s law, F = k 2192 


j 
Fr’? 
=> = 
9192 
2 
or k= = : 
q 
-277 2 
The dimension of k = =. -MT JIL] 
4nE [AT] [AT] 
0 
= [MLT ~*A] 


The dimension of e (electronic charge) = [AT] 
The dimension of G (universal gravitational constant) 
-2) 72 
= [MLT ] [L ] = [MLT] 
[M] 
The dimension of m, or m, (mass of electron or mass of 
proton) = [M] 
2 3-4 q ~2 2mm? 
The dimension of Ea [MLT A ][AT] 
Gmm, [MLT] [M?] 
= [M°L°T 04°] 
Thus, the given ratio is dimensionless. 
The value of k = Í > 
4NEg 
The value of e (charge of an electron) 
=1.6x107”C 
The value of G (universal gravitational constant) 
= 6.67 X10!" N-m? /kg? 
The value of m, (mass of electron) = 9.1 x 10°?! kg 


The value of m, (mass of proton) = 1.67 X 10°” kg 


= 9x10° N-m?/C? 


ke? 


The value of 


m,m, 


= 9x 10° x (1.6 10 
6.67% 107"! x 9.1x 10” x 1.67% 10” 


= 2,29x 10” 
The ratio signifies that the ratio of electrostatic force to 
the gravitational force is 2.29 x 10°’. This means the 
electrostatic force between an electron and a proton is 
229 x 10% times the gravitational force between an 
electron and a proton. 
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31. As shown in the figure, draw AD L BC. 


V3 
AD = AB cos 30°= at |: cos 30° re 


32. 


2! 


(Q2 = Q) (Q3 = 0) 


Distance AO of the centroid O from A 


<. Force F, on qat O due to charge (Q, = Q) at A, 
1 „Q4 -394 along AO 
2 , 


ANE (4 ) Anega 
3 


Similarly, force F, on q due to charge (Q, = Q) at B, 
r, $321 along BO 


0 


Force F} on q due to charge (Q, = Q) at G, 


3? 


F, =—21, along CO 
ANEA 
The resultant of forces F, and F; is J Q T along 
ARE, a? 


OA by the parallelogram law. 
Therefore, the total force on 


3 wie A 
oA (#-#)=0 
ANE a” 


q= 


where, ĉis the unit vector along OA. It is also clear by 
symmetry that the sum of three forces will zero. 


Hints: Here, oil drop is held stationary under electric 
field that means the weight of the drop is balanced 


| by the electrostatic force applied on it. 


Given, the number of excess electrons, n= 12 
Electric field, E = 2.55 x 10° N/C 
Density of oil,p = 1.26 g/cm? 
= 1.26 10° kg/m? 
Electronic charge, e =1.6x 10° C 
=> g = 9.81 m/s? 
Let the radius of drop be r. 
The electrostatic force on drop = qE = neE 


The gravitational force on the drop = mg 
[where, m = mass of the drop] 


= Volume x Density x g [~ mass = volume x density] 


[7q = ne] 


4 3 
mA XPXx gs 
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As the drop is held stationary. So, the net force on the 
drop is zero. 


~. Electrostatic force = Gravitational force 


= neE = Sar Pg 
=> rè = 3neE 
4mpg 


_3xX12x1.6x107"° x 2.55 x 104 
"4X 3.14 X 1.26 X10" X 9.81 
ad r? =0.94 x 107° 
= r= (0.94x 10°)" =9.81x 107 


Thus, the radius of the drop is 9.81 x 107m. 


33. (i)(a) The point O is equidistant from all the charges at 
the end points of pentagon. Thus, due to 
symmetry, the forces due to all the charges are 
cancelled out. As a result, electric field at O is zero. 

(b) When charge q is removed from A, electric field at 
O would become 


E= g xi 
4 


z (along OA) 

ME r 

(c) If charge q at A is replaced by —q, then it is 
equivalent to adding charge —2q. Thus, the electric 
field at O would become 


£= 7 4 (along OA) 


2 
TE r 


(ii) When pentagon is replaced by n-sided regular 
polygon with charge q at each of its corners, the 
electric field at O would continue to be zero as 
symmetricity of the charges is due to the regularity of 
the polygon. It does not depend on the number of sides 
or the number of charges. 


Electric field lines always start from a positive charge 
and end at a negative charge. In case of a single charge, 
electric lines of force start from positive charge and end 
at infinity. 

The magnitude of a charge depends on the number of 

lines of force emanating from a charge, i.e. higher the 

number of lines of force, higher the magnitude of charge 
and vice-versa, 

(i) In the given figure, the electric lines of force emanate 
from A and C. Therefore, charges A and C must be 
positive. 

(ii) The number of electric lines of force emanating is 

“maximum from charge C here, so C must have the 
largest magnitude. 

(iii) Point between two like chargés, where electrostatic 

force is zero, is called neutral point..So, the neutral 

point lies between A and C only. 

Now, the position of neutral point depends on the 

strength of the forces of charges. Here, more number 

of electric lines of force show higher strength of 

charge C than A. So, neutral point lies near A. 


34 


ry 


35. 


_ Force between q and qc 
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Hints: Charge placed at the centre is in the influence 
field of four charges located at the corners of the | 
square. Therefore, we can find force acting on charge 
placed at the centre using superposition principle. 

Use the law of vectors to find the net resultant force 
because force is a vector quantity. 


— 


Let the centre of the square be at O, The charge placed 
on the centre is 1 uC. 

AB = BC = CD = DA =10 cm 

AC = ¥2 x10 =10V2.em 

AC = BD =10V2 cm 

AO = BO = CO = DO 


-2 = 5/2 om 


Let the force on charge 14C due to q, be F, which is 
directed:away from both charges q į and q (because both 
charges are positive in nature, so they will repel each 
other). 

The force on charge 1C due to qp is Fg which is 
towards qp (because qp is negatively charged and q is 
positively charged, so they will attract each other). 


Qn = -5 pC 


Gn =2 uC 
D sc 


Aa, =2uC ae -5 nC 

The force on charge 14C due to qc is Fe which is 
directed away from both qc and q (as they both are 
positive in nature, so will repel each other). 

The force on charge 14C due to qp is Fp which is 
towards q p (because qp is negatively charged and q is 
positively charged, so they will attract each other). 
Force between q and q, 

1 |qqal _ 9x 10° x 1x 107° x 2x 107° 


^ ane, (OA)? (5V2 x 107?) 


A — 


25x2x10°' 25 5 


= 3.6N (direction towards O to C ) 

Force between q and qp | 
= 1; lagyl. | 

4meé, (OB) | 

= 9,0N [direction towards O to B]. 
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[direction towards O to A] 


Here, we observe that F, and Fo are of same magnitude 
and opposite in direction. So, the resultant force of Fy 
and Fe is zero. 


Force between q and qp 


D 


(5V2 x 10° *)? 
=2.25N [direction towards Oto D] 


Here, we observe that Fẹ and Fp are of same magnitude 
and opposite in direction. So, the resultant force of Fp 
and Fp is zero. 


Thus, the net resultant force on 1 uC (placed at O) is 
zero, as all the forces balance each other. 


. Here, charge on the pith-ball A, q; =5 x 10°C 
Mass of the pith-ball A, m, =8g =8x10° kg 


qı i 


5cm 


(e | 


The weight m, g of the pith-ball A acts vertically 
downwards. 

Let q, be charge on the pith-ball B held 5 cm below the 
pith ball A, so that the pith-ball A remains stationary. 

It can be possible only, if the charges on two pith-balls 
are of same signs, i.e. if charge on the pith-ball A is 
positive, the charge on B should also be positive. As such 
the force on the pith-ball A due to B, i.e. Fag will act 
vertically upwards. 


For charge q, to remain stationary, 


Fan = mg 
1 4142 
=> ——— A“=ame 
4n Eo AB’ i 


Here, AB = 5 cm = 0.05 m 
5x10” Xq, 
(0.05)? 
is q, = 436 X 107 1C (positive) 
37. Given, K =80 
We have, = £m 


= 9x10? x =810° x 9.8 


En = Ke, [t eg = 8.8510" C'N m] 
= 80x885x10” 


= 708 x10" 
=708x107°C?N m”? 


= 18. 3.6N 38. From Coulomb's law, electric force between the two 
5 


charged bodies, in a medium, 
J= lgı4:] 
4ne,K r’ 
where, K = dielectric constant of the medium. 


For vacuum, K=1 
For plastic, K>1 


Therefore, after insertion of plastic sheet, the force 
between the two balls will reduce. 


. Two point charges system is taken from air to water 


keeping other variables (e.g. distance, magnitude of 
charge) unchanged. So, the only factor which may affect 
the interacting force is dielectric constant of medium. 


Force acting between two point charges, 


F= 1 ade se Pace ee Fiz =K 
4ne,K r E Peg 
8 1 
=> =80 > F =— =—N 
waer 380 10 


water 


. Here, r, =i + 2)+4k and r =-4}+3k 


P 


a 


o GA =-i-6j-k 
or [rp r| =4(-1) + (-6)? + (-1)? = ¥38m 


Now, electric field, E = : i (r, -r;) 
ARE, |r,- r] 


Substituting the values, we get 


(9.0x 10°) (1.0x 10%), > os & 
Bato eee 
(38)? ( 6j k) 


= (-38.42 Î - 230.52 Ì -38.42 K)N / C 


. At the point x =Q, the electric field due to all the 


charges are in the same negative x-direction and hence 
get added up, i.e. 


pe ifggtete] 
4? 


ANE, r 2 ; 
s Sobor, 8 
Anel 4 16 64 

A | l q 


Ane, [1-1/4] 30E 
This electric field is along negative X-axis. 
Let each side of square be x. 
Diagonal = 4x? +x? = xV2 


2 


and =F, = 11 -= — 
ane (xv2)}} 2X4m ex" 


As, F, and F, arè perpendicular to each other, their 
resultant force, 


Fs JF? +F; 
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„ga'a 
2 


1 
= VF +F °F 


ARE; r 
=> F=FYV2 


+—— r=50 cm — 
As, net force on q is zero, therefore 


F,V2=-F, 


Qqv2 _— -g 


’ 


qa qB 


_ 9X10" X 3.25 x107 x 4.875 x10” 


-232 
ARE? 2X4nE r? (50 x 10 j | 
=> =-2/20 = 2%3.25X4-875X107 | oo. sos Ñ 


50x 50x10 


This force will be repulsive in nature because both 
spheres have like charges. 


43. (i) Here, qı = 92 =6.5X10’C, r=50cm=0.55m 
Electrostatic force of repulsion, 


F=! UG _ 9X10" x(6.5 x10)? 

ARE, r? (0.5)? 
= 1.521 x107 °N 
(ü) Now, q,, q2 both are doubled and r is halved in 

F= mk 122, then 

ANE r 
F becomes 16 times, i.e. F’ =16F. 
F’ =16x1.521x107°N or F’=0.24 N 


44. FA 


Hints: It is based on the distribution of charges when 
the two identical bodies come into contact, charge is 
| distributed equally on identical bodies. 


Now, the sphere C comes in contact with A, the charges 
will be divided equally on both spheres as they have 
same mass and size. Now, charge on A is 


45. Í 


Hints: Net force on a charge due to two equal and 
opposite charges will be zero. Also, electric field on a 
charge is given by 
Est 
q 
where, E = electric field, F = force on charge g due 
to electric field and q = magnitude of charge. 


If a Cs atom is removed from the corner A, then a 


N singly charged negative Cs ion at A will appear. 


(i) From the given figure, we can analyse that the 


chlorine atom is at the centre of the cube, i.e. at equal 
distance from all the eight corners of cube, where 
caesium atoms are placed. 

Thus, due to symmetry, the force due to all.Cs atoms, 
on Cl atom will cancel out. 


fi Hence, E=— 
q4=6.5x10°7C Ga=6.5x107C Initially, Qc=0 q 
' 4% where, F=0 
qq = 447 Me — 6-5 X10 +0 w E=0 
2 (ii) Thus, net force on Cl atom at A would be given by 
= 3.25x10°7C e? 
Now, the charge on C will also be 3.25 x107 C, zi 4meyr? 


qt = 3.25 x 107C 


Now, the sphere C comes in contact with B, the charges 
are shared again. 


where, r = distance between Cl ion and Cs ion. 
Applying Pythagoras theorem, we get 


r = (0.20)? + (0.20)? + (0.20)? x10°m = 0.346 x 107m __ 


Then, charge on B is F q? e? 9 x10°(1.6 x107} 
5 i = = ee 
gi, = 48 “fe Aner? aner? (0.346 x 107°)? 
= 1.92 x10 N 


65X107 +3.25 x10” 

=A ee 
2 

=4.875x107C 


Finally, the charge on C is 9c = 4.875x 107C 

Finally, the charge on A is qa =3.25x107C 

The charge on B is qa = 4.875x 107C 

From the Coulomb’s law, the force between two spheres, 


46. (i) Charge of proton, q = 1.6x 10°C 


Force on proton at A is F = gE, 
= (1.6 10°C)(40 N/C) = 6.4 x 10` 8N 


(ii) Since, electric field, 


Ex Number of electric field lines 
$e held lines 
Area 


Ea => (40 N/C) = 20N/C 


1 
2 


|TOPIC 3| 
Electric Dipole 


An electric dipole is a pair of point charges with equal 
magnitude and opposite in sign separated by a very small 
distance. The mid-point of locations of —q and q is called 
the centre of the dipole. 

0,— Centre of dipole 


-q +q 


Dipole Moment of an Electric Dipole 


The strength of an electric dipole is measured by a vector 
quantity known as electric dipole moment (p) which is the 
product of the charge (q) and separation between the 
charges (2/). 
jie E e -q 
„ | Akn— 2 | —B 
Electric dipole 


i.e: i p=qx2l 


or [Ipl= 42) 


It is a vector quantity and its direction is always from 
negative charge to positive charge. The SI unit of dipole 

. i 
moment is coulomb-metre (C-m). 


If charge q gets larger and the distance 2/ gets smaller and 
smaller, keeping the product | p|= q X 2/ = constant, we get 
what is called an ideal dipole or point dipole. Thus, an 
ideal dipole is the smallest dipole having almost no size. 


Physical Significance of Dipoles 


In most molecules, the centres of positive charges and of 
negative charges lie at the same place, hence their dipole 
moment is zero, e.g. CO,, CH,. However, they develop a 
dipole moment when an electric field is applied. But some 
molecules have permanent dipole moment, e.g. HO which 
are called polar molecules. If the centre of mass of positive 
charges coincides with the centre of mass of negative charges, 
the molecule behaves as a non-polar molecule. 


EXAMPLE |1| A system has two charges 
9, =2.5x 107C and gp =—2.5x10"’C located at points 
A(0, 0, -15 cm) and B(0, 0, +15 cm), respectively. What 
are the total charge and electric dipole moment of the 
system? NCERT 
Sol. Two charges q, and qp are located at points: 
A(0, 0, -15cm ) and B(0, 0,15cm) on Z-axis, They form 
an electric dipole. 


sr zę 
—— e 
f (k) 


Total charge, q = qa + qg =25X 107 — 25x10” 

=> q=0 

Also, AB =15 +15 =30 cm 

or AB= 30X10 m 

Electric dipole moment, 

p = Either charge x BA 

= 2.5 x 107 x (30 x 10°)(-k) 
=-7.5x10°k C-m 


ELECTRIC FIELD INTENSITY 
DUE TO AN ELECTRIC DIPOLE 


Electric field of an electric dipole is the space around the 
dipole in which the electric effect of the dipole can be 
experienced. 


An electric dipole consists of two charges +g and —g, 
therefore according to the superposition principle, the 
electric field due to an electric dipole at a point will be equal 
to the vector sum of the electric fields due to the two 
individual charges. 


At a Point on the Axial Line 


We have to calculate the field intensity (E ) at a point P on 
the axial line of the dipole and at a distance OP = x from the 
centre O of the dipole. 


Ea Eo E 


TERREN een S E 


Electric field on axial line of an electric dipole 


Resultant electric field intensity at the point P, 


Ep =E A +E B 
The vectors E , and Ey are collinear and opposite. 
Ep = Ep = Ej 
l 
Here, E, = — ELS snd Ep l 1 


ARE, (x-0)? 


l q q 
E,=——|—1_ _-_1__ 
aloe | 
ens | Aq 
4ney (x? -/°)? 


Hence, Ep = bei ei 


—— ~ p=qx2l 
Fme, -I e PN 
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In vector form, Ep = l PE a 
Š ATE, (x7 -= 
If dipole is Short, i.e, 2/ << x, then 


x (i) 


The direction ofE p is along BP produced. 


Clearly, Ep et 


-l 


At a Point on the Equatorial Line 


Consider an electric dipole consisting of two point charges 
+g and —g separated by a small distance AB = 2/ with centre 
at O and dipole moment, P = q(2/) as shown în the figure. 


Eg 


+ 
g% 


A 
Resultant electric field intensity at the point Q, 
The vectors E 4 and E , are acting at an angle 20. 
l q l q 


Here, E, = -—— and 4 ST 
A nE, (x? + /7) 4NEy (x?+/7) 


Ey= 


On resolving E , and E , into two rectangular components, 
the vectors E 4 sin O and E , sin O are equal in magnitude and 
opposite to each other and hence cancel out, 


The vectors E 4 cos@ and £} cos@ are acting along the same 
direction and hence add up. 


“£9 =£,cos0+ E, cos0= 2E 4 cos 
2 g l 
= — -y | cos = ——— 
4me, (x? +/?) 4P? | x | 
ood 24l 


4mey (x? +PP. 


(Cy E, =E] 


But g x 2/ =|p|, the dipole moment 
1 __ ipl 
nE (x? +2372 


Eg= 


The direction of E is along QE ||BA, i.e. opposite to AB. In 


vector form, we can rewrite as 
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a) S 
Q 4nE (x? + py 


Obviously, E¢ is in a direction opposite to the direction ofp. 
If the dipole is short, ie. 2 << x, then 


1 [p] 
Ep, m st 
Q ANE p x? 


--. (ii) 


l 
Clearly, Ego <> 
x 


From Eqs. (i) and (ii), we get 


E. 
axial =2 


equatorial 
Both the magnitude and the direction of dipole field 


depend not only on the distance r, but also on the angle 
between the position vector r and dipole moment p. 


The electric field due to a dipole falls off at large distances, 


at a much faster rate G =] than the electric field due to a 
r 


single charge G z) 


r 


EXAMPLE |2|Two charges + 5 uC are placed 5 mm 


apart. Determine the electric field at 


(i) a point X on the axis of dipole 10 cm away from its 
centre 0 on the side of the positive charge as shown 
in Fig. (a), 

(ii) a point Y, 10 cm away from centre 0 on a line passing 
through 0 and normal to the axis of the dipole as 
shown in Fig. (b). 


ry 
= 
A O 8 Ex ò 
Tmt te ee- + — a rc 
~5 nC 5 pC X 4 
k—5 mm—» 

l+—— 10 cm ——-1 5 nC 

(a) 

Sol. Given, q=t5uC=+5x10°C, 


2/=5mm = 5x10? m 
x = OX = OY =10 cm 
=10 x10 m 


and Ey =? 
` Dipole moment, p = q x 2! 
=5x10°C x5x107m 
= 25x10 C-m 


Flectric Charges and Fields 


(i) Now, find out the electric field at point X on the axial 


line of dipole. 
2px 
n= , along BX produced 
y anega? -PY iai. 
Since I<< x, therefore 
2p 
Ey = n 
ATEX 
_ 2x 25x10 x9x10° 
(10 x107?)° 


= 4.510 NC™', along BX produced. 


(ii) Now, find out the electric field at point Y on 
equatorial line of dipole. 


E, P 


= —————_——_., along a line parallel to BA 
4ne,(x? + PY” p p 


Since, I<< x, therefore Ey = P = 
ANEX 
_ 25 x 10° x 9x 10° 
s (10x 107)? 


= 2.25x10 NC’, along a line parallel to BA. 


ELECTRIC FIELD INTENSITY 
AT ANY POINT DUE TO A 
SHORT ELECTRIC DIPOLE 


Let K be any point which is neither on theaxial line nor on 
the equatorial line. 

Let P be the dipole moment of the short electric dipole and 
O be the mid-point of the dipole. Let the line OK make an 
angle @ with P. Resolving P along OK and perpendicular to 
OK, we get pcos@ and p sin 9, respectively. 


p sinð 


The electric field at K due to dipole moment pcos® is 
given by 


E, = 1 2pcos0 


-z A [t K is on the axial line 
TLE 9 r 


of the dipole p cos 6) 
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The electric field at K due to dipole moment p sin @ is 
given by 


1 psin® 


4NE 9 r? 


2 [along KM which is p cos8) 


z. Resultant electric field, 


— 
ftaB4E= 1 2pcos8 p 1 psin® 
LETE kse y ÁE 7? 


= . Ê (4cos?0+sin?0)"? 
ÁnEg r? 


2 pcos® 


] 
icftina => ane] 
2 


Special cases 
Case 1 K lies on the axial line of dipole, then 8 =0° 


1 2 5 1 2p 
E= £ 3c s“ O°+1 = = 
4n€, r? aii 4ne, 7? 
tan 0° 
=> tan Q = =0>a=0 


0 =90° 
l > l 
=— £ Bos 90°%1 =— 4 
ANE y r ÁRE g r 
tan 90° 
> tana =<——— = 


=> Q= tan” 


œ => Q=90° 
EXAMPLE |3| Find the magnitude of etectric field 
intensity due to a dipole of dipole moment 3x 10° C-m 
at a point distance 1 m from the centre of dipole, when 
line joining the point to the centre of dipole makes an 
angle of 60° with the dipole axis. 
Sol. Here, p=3x 10° C-m, r=1m, 80 =60° and E =? 

As, [E] = —2 


; \3cos?@ +1 
4neyr 
=8 9 
g= XW 9X10 f cos 60°)? +1=357.17N/C 


CO 
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ELECTRIC FIELD INTENSITY AT 
ANY POINT ON THE AXIS OF . 
UNIFORMLY CHARGED RING 


The electric field intensity at any point Q on the axis is 
given by 


BS lee as 
4n€ o(r? +a?) 


where, g = total charge, a = radius of the ring and 
r = distance of the point Q from the centre of the ring. 


Note The direction of E is along QX, the axis of the loop. 


DIPOLE IN A UNIFORM 
EXTERNAL FIELD 


Torque on an Electric Dipole ina 
Uniform Electric Field 


Consider an electric dipole consisting of two charges —g and 
+q placed in a uniform external electric field of intensity E. 


——————— es? 


The length of the electric dipole is 2 /. The dipole moment 
p makes an angle @ with the direction of the electric field, 


Two forces F and —F which are equal in magnitude and 
opposite in directions act on the dipole. 
IF|=|- Fl= gE 

The net force is zero. Since, the two forces are equal in 
magnitude and opposite in direction and act at different 
Points, therefore they constitute a couple. A net torque t 
acts on the dipole about an axis Passing through the 
mid-point of the dipole. 


Now, t= Either force x Perpendicular distance BC 
between the parallel forces = gE (2! sin 0) 
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T=(q X 2/)E sin® | 


or | t= pEsin® 
In vector notation, |T=pXE 


SI unit of torque is newton-metre (N-m) and it, 
. 2-2 
dimensional formula is [ML*“T ~~]. 


Case 1 If 8=0°; thent =0 


The dipole is in stable equilibrium. | 
Case II IfO =90°, then t = pE (maximum value) 


| 


The torque acting on dipole will be maximum. 
Case III If@ =180°, thent =0 


The dipole is in unstable equilibrium. 


EXAMPLE |4| an electric dipole consists of two charges 
of 0.1 uC separated by a distance of 2.0 cm. The dipole is 
placed in an external field of 10° N/C. What maximum 
torque does the field exert on the dipole? 
Sol. Here,g = 01 uC =107C,2/= 2.0em= 2x10? m, 
E=10°N/C = t= pEsin@ =q x 21x Esing 
Tmax = 1077 X 2107 x 10° x1 pe 
= 2x10 N-m 


sin90°=]] 


Work Done on a Dipole ina 

Uniform Electric Field 

When an electric dipole is placed in a uniform electric field, 
it experiences torque and tends to align it in such a way to 


attain stable equilibrium. Small amount of work done in 


rotating the dipole through a small angle d O against the 
torque is given by 


dW =tdO= pEsin@de 
-. Total work done in rotating the dipole from orientation 


e 
8 ito 0,, W= h pEsinð dO = PE(cos®, — cos8,) 


> W = PE (cos®, —cos®,) f 


Similarly, potential energy of electric dipole, when it rotates 
from 8, to 8,, [U =W = PE(cos8, —cos®,) | 


Let us assume that the dipole is initially oriented | 
perpendicular to the direction of electric field and brought | 
to the orientation making an angle @ with the field 
direction, then the work done in rotating the dipole from | 
8 |=90° t0 8, = 0, 


W= PE (cos90°—cos@) = -pE cos8=— p-E 


! 


Electric Charges and Fields 


EXAMPLE |5| An electric dipole of moment 
2x10 C-m is aligned in a uniform electric field of 
2 x 10° N/C. Calculate the work done in rotating the dipole 
from 30° to 60°. 
Sol Here, p= 2x10 C-m, E = 2x10‘ N/C, 
6, =30°,6, = 60°, W =? 
W = pE (cos @, — cos 8,) 
= (2x10) (2x 10*) (cos 30° — cos 60°) 
= (2x 10%) (2x 10*) (0.366) 
= 1.464x10" îJ 


EXAMPLE |6] An electric dipole of length 2 cm, when 
placed with its axis making an angle of 60° with a uniform 
electric field, experiences a torque of 8/3 N-m. Calculate 
the potential energy of the dipole, if it has a charge of 
+4nC. Delhi 2014 
Sol. Here, length, 2a = 2 cm =2 x10? m, 
6 = 60°, t= 8V3 N-m 
Charge, Q=4nC =4 x10” C, U =? 
As we know that, tT = Q(2a) E sin 6 
= Electric field, 
T 8v3 


Q(2a)sinð 4x10 x2 x10 xsin 60° 
<- Potential energy, U = — pE cos 0 = — Q(2a) E cos® 


8v3 x cos 60° 


=-4x 10° x 2x 10° x—— = 
4x 107 x 2x 10 x sin 60° 


Note Electric dipole and its properties have been frequently asked 
in previous years 2014, 2012, 2011, 2010. 


TOPIC PRACTICE 3 | 


OBJECTIVE Type Questions 


1. Two equal and opposite charges each of 2C are 
placed at a distance of 0.04 m. Dipole moment 
of the system will be 
(a)6x10~* C-m 
(c) 1.5 x10? C-m 


(b) 8 x107? C-m 
(d)8x107° C-m 


2. What is the angle between the electric dipole 
moment and the electric field strength due to it 
on the equatorial line? 

(a) 0 (b) 90° 
(c) 180° (d) None of these 
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3. Electric charges q,q,-2q are placed at the 


corners of an equilateral A ABC of side l. The 
magnitude of electric dipole moment of the 
system is 


(a) ql (b) 2gl 
(c) v3 ql (d) 4ql 
y 
P 
A O B ee 
----- @—_}—-e -- --------¢ —_+> , i 
-10 pC -+10 uC P a 


`a 
se 
~ 


| 
+ 


O 


A B 
-10uC +10pC 


In given figures, OP = OQ =15 cm, OA = OB = 2.5 
mm 


Magnitudes of electric field at P and Q are 
respectively 


(a) 2.6x10° NC, 2.6x10° NC* 
(b) 1.3x10° NC1,1.3x10° NC* 
(c) 2.6x10° NC7',1.3x10° NC* 
(d) 1.3x10° NC™!, 26NC™ 


- Figure shows electric field lines in which an 


electric dipole P is placed as shown. Which of 
the following statements is correct? 


NCERT Exemplar 


(a) The dipole will not experience any force 

(b) The dipole will experience a force towards right 
(c) The dipole will experience a force towards left 
(d) The dipole will experience a force upwards 


- Inan electric field E, the torque acting ona 


dipole moment p is 
(a)p-E (b) p xE 
(c) zero (d) E x p 


7. When an electric dipole p is placed in a uniform 


electric field E, then at what angle between p 
and E the value of torque will be maximum? 
(a) 90° (b) 0° 
(c) 180° (d) 45° 
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VERY SHORT ANSWER Type Questions 
s. 


Is it correct to write the unit of electric dipole 
moment as mC? 
9. What do 


eters you mean by an “ideal electric 
pole”? 


10. At what points dipole field intensity is parallel 


to the line joining the charges? 


11. 


If an electric dipole is placed in a uniform 
electric field, then state whether it always 
experiences a torque or not? 


12. 


What happens when an electric dipole is 
placed in a non-uniform electric field? 


1S. 


A dipole of dipole moment pis presentina 
uniform electric field E. Write the value of the 
angle between p and E for which the torque, 
experienced by the dipole is minimum. 

All India 2010 


14. Aring of radius R carries a uniformly 
distributed charge + Q. A point charge -q is 
placed on the axis of the ring at a distance 2R 
from the centre of the ring and released from 
rest. Will the particle execute simple harmonic 
motion along the axis of the ring? 


SHORT ANSWER Type Questions 


15. What is meant by the statement, “the electric 
field of a point charge has spherical symmetry, 
whereas that of an electric dipole is 
cylindrically symmetric“? 


16. Three charges are placed as shown. Find 
dipole moment of the arrangements. 
-q 


2q d -q 


17, 


Prove that when an electric dipole is placed in 
a uniform electric field, potential energy U is 


given by U =-p-E. 


18. Two small identical dipoles AB and CD, each of 
dipole moment p are kept at an angle of 120° 


as shown in the figure., 

What is the resultant dipole moment of this 
combination? If this system is subjected to 
electric field (E) directed along positive 


19: 


LONG ANS\VER Type I Questions 
20. 


21. 


22. 


23, 


24. 
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e magnitude and 


x-direction, what will be th Delhi 2011] | 


j a 
direction of the torque acting on this? 


A dipole, with a dipole moment of magnitude p, 
is in stable equilibrium in an electrostatic field of 
magnitude E. Find the work done in rotating this 
dipole to its position of unstable equilibrium. 


Anelectric dipole of dipole moment p consists of 
point charges +q and ~ q separated by a distance 
2a apart. Deduce an expression for the electric 
field E due to the dipole at a distance x from the 
centre of the dipole on its axial line in terms of 
the dipole moment p. Hence, show that in the 
limit x >> a, E— 2 p/ dne’. 


(i) Derive an expression for electrical field at a 
point on the equatorial line of an electric 
dipole. 

(ii) Depict the orientation of 
stable, (b) unstable 
electric field. 


the dipole in (a) 
equilibrium in a uniform 
Delhi 2017 
A charge is distributed uniformly over a ring of 
radius a. Obtain the expression for the electric 
field Intensity E at a point on the axis of the ring. 
Hence, show that for points at large distances 
from the ring, it behaves like a point charge. 


Delhi 2016 


(i) net translat 
(ii) torque acti 
Explain, wh 
released? 


ng on it? 


at happens to dipole on being 


Electric Charges and Fields 


LONG ANSWER Type II Questions 


25. Define electric dipole moment. Is it a scalar or a 


27. 


29. 


vector? Derive the expression for the electric 
field of a dipole at a point on the equatorial plane 
of the dipole. 

For a short dipole, what is the ratio of electric 
field intensities at two equidistant points from 
the centre of the dipole? One along the axial line 
and other on the equatorial line. 


- Deduce the expression for the torque acting on a 


dipole of dipole moment p in the presence of a 
uniform electric field E. All India 2014 


In a certain region of space, electric field is along 
the z-direction throughout. The magnitude of 
electric field is, however not constant but 
increases uniformly along the positive 
z-direction, at the rate of 10° N C'm™!. What are 
the force and torque experienced by a system 
having a total dipole moment equal to 10” C-m in 
the negative z-direction? NCERT 


(i) Derive the expression for the electric field E 
due to a dipole of length 2/ at a point distant r 
from the centre of the dipole on the axial line. 


(ii) Draw a graph of E versus r for r >> a. 


(iii) If this dipole is kept in a uniform external 
electric field Ey, diagrammatically represent the 
position of the dipole in stable and unstable 
equilibrium and write the expressions for the 
torque acting on the dipole in both the cases. 

All India 2017 


Derive the expression for the work done in 
rotating an electric dipole from angle 0, to 0; in a 
uniform electric field (E). Hence, find the work 
done when the dipole is 

(i) initially parallel to the field and 


(ii) initially perpendicular to the field. 
All India 2009 


NUMERICAL PROBLEMS 


30. 


Find the electric dipole moment electron and a 
proton which distance is 4.3 nm apart. 


31. Two charges of - 9 uC and +9 uC are placed at the 


points P(1, 0, 4) and O(2, -1, 5) located in an 
electric field E = 0.20 i V/cm. Calculate the torque 


acting on the dipole. 


3l 


32. Two charges of +25 x10 °C and -25x10 ° C 
are placed 6 m apart. Find the electric field at 
a point 4 m from the centre of the electric 
dipole (i) on axial line (ii) on equatorial line. 

Delhi 2011 

33. An electric dipole with dipole moment 
4x10°°C-m is aligned at 30° with the direction 
of a uniform electric field of magnitude 
5x 104 N/C. Calculate the magnitude of the 
torque acting on the dipole. 


34. A system has two charges q , = 3.5x 10" 7C and 
qp=-3.5x1077C located at points A 


(0,0, -10cm) and B (0, 0, + 10 cm), respectively. 
What are the total charge and electric dipole 
moment of the system? 


35. Two charges q, and q, of Ol puC and- OJ puC 


respectively are 10Å apart. What is the electric 
field at a point on the line joining them at a 
distance of 10 cm from their mid-point? 


36. Two charges + 10C are placed 5 mm apart. 


Determine the electric field at 

(i) a point P on the axis of dipole 15 cm away 
from its centre O on the side of the positive 
charge 

(ii) a point Q, 15 cm away from centre O on a 
line passing through centre O and normal 


to axis of the dipole as NCERT 
E 
=Q 
-10C  : HOWE E, 
EIR, RORSIN be eat pane 
A O 8 P 


37. 


An electric dipole consists of two opposite 
charges each of magnitude 1.0x107° C 
separated by 2 cm. The dipole is placed in an 
external uniform field of 1x 10° N/G Find (i) 
the maximum torque exerted by the field on 
the dipole, (ii) the work which an external 
agent will have to do in turning the dipole 
through 180° starting from the position, 6 = 0°. 


38. 


The electric field at a point on the axial line at 
a distance of 10 cm from the centre of an 
electric dipole is 3.75x10° N/C in air, while at a 
distance of 20 cm, the electric field is 

3x10‘ N/C. Calculate the length of an electric 
dipole. 


39, ? i 
A = Point charges q, and q, of magnitude 
10°C and- 1077 C, respectively are placed 0.2 m 


apart. Calculate the electric fields at points A, B 
and C as shown in the figure. NCERT 


+40. 


(i) Calculate the maximum torque experienced 
by a water molecule whose electric dipole 
moment is 6.2x107*° C-m, when it is placed 
in an electric field of intensity 10° N/C. 


(ii) Determine the work that must be done to 
take a water molecule aligned with the 
above field and set it anti-parallel to the 
field. 


| HINTS AND SOLUTIONS | 


L (b) Electric dipole moment, p =q x d 
Here, q = value of one charge on dipole = 2 C 
d = distance between the dipoles= 0.04 m 
<. Electric dipole moment, p = 2.x 0.04 
= 0.08 C-m 
=8 x10” C-m 


2. (c) 


Observing E,,, and pare in opposite directions, so angle 
between them is 180°. 


Net dipole moment, i.€., 
Pra = p? + p” + 2pp cos 60° = V3p 


= V3 ql 


(Ct p =ql) 


15. 


- It experiences some net force and some net torque. 
» T= pEsinO, tis minimum when 6 = 0°. 


-© Yes, but motion is simple harmonic only when charge 


q 
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(c) Here, a = 2.5mm, r=15cem= 150 mm 


As, r>>a i 

2p 2(5x10° x10x10" )x (9 10°) 
taxis 7 Aner’ Ti (15 x 107? i 

=26Xx10 NC! 
1 5 
-P iR | =x 26x40 
E equatorial plane 7 Aner’ = 2 E ixis 2 
=13 x10 NC” 


. (c) The space between the electric field lines is 


increasing, here from left to right and its characteristics 
states that, strength of electric field decreases with the 
increase in the space between electric field lines. As a 
result force on charges also decreases from left to right, 
Thus, the force on charge — q is greater than force on 
charge + q in turn dipole will experience a force towards 
left. 


. (b) In electric field (E), torque acting on a dipole 


moment (p) is t= pEsin®@ 
where, 8 = angle between pand E, > t= px E 


. (a) Torque, t= pE sin 6n 


|t|=pE sind 
“. Torque is maximum, when 8 = 90° 


- No, it is not correct to write the unit of electric dipole 


moment as mC. The symbol mC represents 
milli-coulomb, i.e. unit of electric charge. In SI system, 
unit symbols are written in alphabetical order. 


“. Unit of dipole moment is C-m, 


- If charge q gets larger and distance 2/ gets smaller; and — 


smaller keeping the product | p| = q x 2! = constant. The — 
dipole is called an ideal electric dipole. 


- At any point on axial line or equatorial line of dipole. 
- No, it does not experience a torque, when it is placed 


along the direction of electric field. | 


~ q Is not very far from the centre of ring on its axis. 
Otherwise motion is periodic, but not simple harmonic 
in nature, 


The electric field due to a point charge q at a distancer. 


is given by E = —4 z- Clearly, the magnitude of field E 
ARNE r 
will be the at all points on the surface of a sphere of 
radius r drawn around the point charge and does not 
depend on the direction r. Hence, the field line due to 4 
point charge is spherically symmetric. Electric field at 
istance r on the equatorial line of a dipole moment pis 
given by E = =e ee 
ANE, (r? +q*)32° 
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The electric field E is same at all points which lie on a 
cylinder of radius r with its axis on the dipole axis and 
the field pattern looks same in all planes passing 
through the dipole axis. We say that the electric field of 
an electric dipole is cylindrical symmetric. 

16. Here, two dipoles are formed. These are shown in 
diagram below. 


-q 


Resultant dipole moment, 
P = 2p = V2qd,0= 45° 
17. Refer to text on page 28. 
18. Consider the figure, | p4 |= pe =p 


v 
a 


' 
' 
' 
t 
>x< 


et 


The magnitude of resultant pp, 


Pr = Pi + p3 + 2p,p2 cos ® 
=p? + p° + 2p? cos 0 
= J2p7(1 + cos 0) 


| i) 8 
= z 22 =2 cos — 
2p“ X 2 cos i p 7 


p,sin@ __  psin120° 
p,+p,cos@ p+ p cos 120° 


-PBR _ 


P 
z 2 


tan @ = 


0 120° 1 
[Pr |= 2p cos 7 =2p cos === 2px =P 


Pr Will subtend an angle of 30° with X-axis. 
Now, torque acting on the system, 
: 1 
T= Ppp x E= pa sin 0=7 pË 


Torque will work to align the dipole in the direction of 
electric field E. 
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19. The position of stable equilibrium corresponds to 8 = 0°. 
The position of unstable equilibrium corresponds to 
0 =180°. 


“. Work done = iM = 


=0° 


™ pEsin@d@ = pE[-cos 8)" = 2pE 
20. Refer to pages 25 and 26 (replacing 2! by 2a) 
21. (i) Refer to text on page 26. 
(ii) The orientation of the dipole 
(a) In stable equilibrium, p, is parallel to E, ie. 8 = 0° 


—— 


m— 2 |= E 


(b) In unstable equilibrium, p is anti-parallel to E, i.e. 
6 =180° 


22. According to question, suppose that the ring is placed 
with its plane perpendicular to the X-axis as shown in 
figure. Consider small element dl of the ring. 


dl dE sin® 


As the total charge q is uniformly distributed, so the 


charge dq on element dl is dq = Aa 
na 


A dl soso = dE cos® 
ar 


= dq = wher cos 8 = x] 
Since, only the axial component gives the net E at point 
P due to charge on ring. 

E èn wna kq dl x 
So, f dE = | “dE cos 0= | po T 

0 3 8 2a r r 


att ap OED na (os 

2na r’ -o 2na r°”? 

kqx 1 ee ee 
TE kqx 

(x? +a)” 


Now, for points at large distances from the ring x >> a. 
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This is same as the field duc to a point charge indicating 
that for far-off axial point, the charged ring behaves as a 
point charge. 

23. (i) Refer to text on page 28. 
(ui) If the field is non-uniform, the net force will be non-zero. 


24. Refer to text on page 28. 

25. Refer to text on pages 25 and 26. 

26. Refer to text on page 28. 

27. Consider an electric dipole with charge - q at A and 
charge + q at B. placed along Z-axis, such that its dipole 
moment is in negative z-direction, i.e. pz =-10-’ C-m, 
as shown in the figure. 

The electric field is along positive direction of Z-axis, 
such that Z =16NC mm, 


Z 


Using, F=qdE =qx © x dz 


dE dE 
= (g XdZ) x — = p— 
qrii ee 


=107 x10 =- 10° N 
Thus, the force on the dipole is along negative direction 
of Z-axis, 
As, 8 =180° 
<. Torque on dipole, 
' T= pE sin 180° =0 
28. (i) Refer to text on pages 25 and 26. 


= 1 ee ; 
(ii) E œ =: As r will increase, E will sharply decreases. 
r 


The shape of the graph will be as given in the figure. 


f 


E 


(6) f—> 


(iii) When the dipole were kept in a uniform electric 
field E,. The torque acting on dipole, t= px E 
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(a) If0=0°, then t=0, pIJE 


The dipole is in stable equilibrium. 
(b) If @=180°, then t=0, p ||-E 


The dipole is in unstable equilibrium. 


29. Refer to text on page 28. 
(i) If the dipole is initially parallel to the field, 8, =0° 


W = pE(1— cos 8,) 
(ii) If the dipole is initially perpendicular to the field 
0, = 90° 
W =- pE cos 6, 
30. Dipole moment, 
p=qXr=16Xx10" x43x10° =68x10 C-m 
31.As, P(1, 0, 4) and Q(2, -1, 5) 
2l = PQ = [(2-1)i + (-1-0)j +(5-4)k] =(3-j+8 
and g=+9x10°C, E =0.20i V/cm t=? 
Since, T= p x E =q(2l)x E 
T=9x10° (i — j + k) x0.20f=18 x107 (È — j) 
. Magnitude of torque, 
T=18 x107 [J (1)* + (1)?] = 25.45 x 1077N-m 
32. Here, q = 25x10°C, 2a=6m,r=4m, 
p = q(2a)= 25X10 x6 =1.5X107 C-m 


Now, E : ee a 


(= 


wl ane, (r-a Y 
_ 9X10" X2x15x107 x4 2700x4 
(4° -3*) 49 
= 2204 NC! 
l 
E p 


*equatorial T 


Ane (r? +a?) 

9x10” x1.5x10 1 5 
dalai aka =E gye 
(4? + 3? p 125 


33. Given, p=4x10° C-m, E =5x10', 0 =30° 


T= pEsinO 
ej 30° = '] 
vsin 7 


=4x10° x5Xx10" xsin30° 


=4x10" x5x10" = 


=10x10 =107'N-m 
34. Refer to Example 1 on page 25. 


Electric Charges and Fields 


35. Here, qı = 92 =q =0.1upC =10" C 
Length of the electric dipole formed by these charges, 
2a=10A =10°m 
Thus, electric dipole moment, 
p = 2aq =10™" x10 =10? C-m 


Distance of the point under consideration on the axial 
line from the mid-point, r =10 cm = 0.1 m 


Since, a << r, electric field at a point on the axial line, 
3 
E =k, £ 
r 
2x10” 


(0.1)° 
=18x107'? N/C 


=(9x10°) 


36. Refer to Example 2 on pages 26 and 27. 

37. Here, q =1X10° C; 2a = 2 cm =0.02 m 
1 p=qX 2a=(1X10) x002 = 2x10 cm 
Intensity of the external electric field, E =1.0x10 N/C 
(i) Tmax = PE =(2x10-*)( 1.0x10°) = 2x10 °N-m 


[in magnitude] 


(ii) Net work done in turning the dipole from 0° to 180°, 
80 


180° 180° 
ieW = [td0= J pEsinode = pE[- cos 6)" 
0° 0° 
= —pE (cos 180°= cos 0°) = 2pE 
=2x(2x10” )(1x10 ) J=4x107 J 
38. We know that, 
l1  2pr 
ane, (r-a) 
Casel When r =10 cm = 01m and 
E xia = 375X10 N/C 
2p x0.1 
((0.1)’ - a°} 
Case II When r = 20cm= 0.2m and 
E xis = 3X10" N/C 


E sia = 
=> 375x10 = 9x10’ x 


2p x0.2 

[(0.2)? - a°} 

Solving the Eqs. (i) and (ii), we get 

a= 005m 

Therefore, length of the dipole is 2a. 

So, 2a = 2x005= 01m 
39. The electric field vector E, 4 at A due to the positive 

charge q, points towards the right. Its magnitude, 


> 3x10 = 9x10" x 


(i) 


w+» (ii) 


35 


Ey, = (9 x10’N-m?C”*) (1077C) 
(0.1 m)? 
The electric field vector E,, due to q, points to the right 
and has the same magnitude. 
Hence, the magnitude of total electric field E, at A, 
E= Ey, + £,4218x10'NC 
i.e. E} is directed towards right. 


The electric field E, , at B due to q, points towards the 
„left and has a magnitude, 


_ (910° N-m?C™*) (10°C) 
(0.1 m}? 
The electric field E,, at B due to the negative charge q, 
2B 
points towards the right and has a magnitude 
_ (9x 10° N=m?C~) (1077C) 


=9x10'NC? 


Eih =9x10Í NC 


EÊ, = N ny =1x10°NC* 
The magnitude of the total electric field at B, 
Es = Ep — Ezg 
=8 x10 NC 


i.e. E, is directed towards the left. 


The magnitude of each electric field vector at point C due 
to charge q, and q,, 


Eic = Exe 
_ (9x 10’N-m?C™*) (107C) 
(0.2 m}? 
= 2.25 x10° NC 
The resultant of these two vectors, 
T T 
Ec =E ic cos — + E3,. cos — 
c ic 3 2C 3 
= 2.25x10'NC! 
ie. E, points towards the right. 


40. (i) Here, p =6.2x10™ C-m and E =10° N/C 


“T= pEsinð [for maximum value 8 = 90°] 
= pE sin90° =62x10™ x10° x1 
=62x10"™" N-m 


(ii) When dipole is aligned anti-parallel to the field, 
0 =180°. 


*. W = pE(l- cos) 
= 6.2X10™ x10°(1 — cos180°) [> cos 180° = -1) 
= 6.2x10-° x10°(1 —(-1)) 
= 6.210" x10° x 2 
= 1.24x10? ) 
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Electric Flux 


AREA VECTOR 


The vector associated with every area element of a closed 
surface is taken to be in the direction of the outward 
normal. Thus, the area element vector AS at a point on a 
closed surface is equal to AS ñ, where AS is the magnitude 
of the area element and fi is a unit vector in the direction of 
outward normal at the point. 


AS = ñ (AS) 


AS = Â (AS) as.<fi ws). 
n a 
n 
ry a 
Ara AS 
ELECTRIC FLUX 


Electric flux linked with any surface is 

defined as the total number of electric 

field lines that normally pass through 

thar surface. 

Electric flux do through a small area 

element dS due to an electric field E at 

an angle @ with dS is 3 
do=E-dS=E dS cos6 

which is proportional to the number of field lines cutting 

the area element. Total electric flux Hover the whole surface 

S due to an electric field E, 


o=fE-dS=4 E dS cos 
S 5 


ok 
\/3 
m 


Electric flux is a scalar quantity. But it is a property of 
vector field. 
SI unit of electric flux is N-m?C"! 
and dimensional formula of electric flux is expressed as 
= [MLT] ATT" 
=[MĽŻT?A'] 
If d E - d S over a closed surface is negative, then the surface 


encloses a ner negative charge. 


Special cases 
(i) For 0°< 8< 90°, ois positive. 


(ii) For 6 = 90°, > is zero. 


(iii) For 90°< 0< 180°, ¢ is negative. 
Se ES 


Yy Analogy Between Electric 


Flux And Liquid Flux 
It should be known that electric flux is analogous to flux of a 

liquid flowing across a plane, which is equal to v- AS, where v 
is the velocity of flow of liquid. In electric flux, there is no flow 


of a physically observable quantity like liquid. 
—— 


EXAMPLE |1| A box encloses an electrical dipole 
consisting of charge 5 puC and -5 pC and of length 10 cm, 


What is the total electric flux through the box? 
All India 2011 


Sol. Since, an electric dipole consists of two equal and opposite 
charges, the net charge on the dipole is zero. 
Hence, the net electric flux coming out of the closed surface 
of the box or through the box is zero. 


GAUSS’ THEOREM 
Statement 


The surface integral of the electric field intensity over any 
closed surface (called Gaussian surface) in free space is equal 
—_— 
to =P times the net charge enclosed within the surface. 
0 
q 


1 24 
br =fE-dS=— Eq,=— 
E i PRE Eo 


n 
where, q= 24 is the algebraic sum of all the charges 
inside the closed surface. 
Hence, total electric flux over a closed surface in vacuum Is 


1 , 
F times the total charge within the surface, regardless of 
0 
how the charges may be distributed. 
Proof of Gauss’ Theorem for 
Spherically Symmetric Surface 


Electric flux through a surface element 4S is given by 


Electric Charges and Fields 


Here, €-f = 1+ 1cos0°= 1 
1 gds 

a Tne “EE 

0 r 


pa E 


Total electric flux through the spherical surface, 


l q 
de =$ dps =— -£ f as 
l 
= gg? at 
4m€, r Ep 
Ls 
> Dr E, 


If the medium surrounding the charge has a dielectric 
constant Ķ, then 


€ 
= =-— =-, where K =£, = — 
K€, E£ € Ey 


If there is no net charge within the closed surface, i.e. when 
q=0, then, =0. 

<. The total electric flux through a closed surface is zero, if 
no charge is enclosed by the surface. 


Some Features of Gauss’ Law 
(i) Gauss’ law is true for any closed surface, no matter what 
its shape or size be. 


(ii) In the situation, when the surface is so chosen that there 
are some charges inside and some outside, the electric 


field is due to all the charges, both inside and outside the 
closed surface. 


(iii) Gauss’ law is often useful when the system has some 
symmetry. This is facilitated by the choice of a suitable 
Gaussian surface. 


EXAMPLE |2| A charge q is placed at the centre of a 
cube of side /. What is the electric flux passing through 
each face of the cube? All India 2012; Forelgn 2010 


Sol. By Gauss’ theorem, total electric flux linked with a closed 
surface is given by 


q 


Ey 
where, q is the total charge enclosed by the closed 
surface, 


*. Total electric flux linked with cube, 6 = a 


j i 


As charge is at centre, therefore electric flux is 
symmetrically distributed through all 6 faces. 


.. Flux linked with each face = ure ge oe 
6 6 & 68% 


EXAMPLE |3| Figure shows three point charges, 
+ 2q, -q and + 3q. Two charges + 2q and — q are enclosed 
within a surface S. What is the electric flux due to this 
configuration through the surface 5S? Delhi 2010 


S 
+39 


Sol. Electric flux through the closed surface S is 
w4 _+24-q4_4 


Charge + 3q is outside the closed surface S, therefore it 
would not be taken into consideration in applying Gauss’ 
theorem. 


Applications of Gauss’ Theorem 


The electric field due to some symmetric charge 
configurations can be obtained using Gauss’ law. 


Field due to an Infinitely Long Thin 
Straight Charged Wire 


Consider an infinitely long thin straight wire with uniform 
linear charge density (A). 


From symmetry, the electric field is everywhere radial in the 
plane cutting the wire normally and its magnitude only 
depends on the radial distance (r). 


Eo 


From Gauss’ law, Ọ p =fE AS at 
5 
Now, ¢ =fB-dS = fi-ads 
S S 


=fE-ads+GE-adS+ GE ads 
A B G 


340 
we 


x fE-dS=4fE dScos90°+ $ E dScos90° 
$ A B 


=¢ E dS =E(2nrl) 
C 


+ GE dScos0° 
C 


Charge enclosed in the cylinder, q= Al 


À 


Vectorially, E = 


» 


2NE or 


The direction of the electric field is radially outward from 
the positive line charge. For negative line charge, it will be 


radially inward. 


Thus, electric field (£) due to the linear 
charge is inversely proportional to the 
distance (r) from the linear charge. The 


Z 


variation of electric field (£) with distance —- 


(r) is shown in figure. 


Field due to a. Thin Infinite Plane 


Sheet of Charge 


Let © be the surface charge density of the sheet. From 
symmetry, E on either side of the sheet must be 
perpendicular to the plane of the sheer, having same 
magnitude ar all points equidistant from the sheet. 


We take a cylindrical cross 
the Gaussian surface. 


On the curved surface of 
Perpendicular to each other, T 


“sectional area A and length 2r as 


the cylinder, E and ĝ are 


surface =0. herefore, flux through curved 


Flux through the flat surfaces = EA + FA = 2FA 


“. Total electric flux over the entire s 


Qr =2FA 


Total charge enclosed by the cylinder, 


According to Gauss’ law, >, = 1 


— 


urface of cylinder, 


g=6A 


i 
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E is independent of r, the distance of the point from the 
plane charged sheet. 


Field due to a Uniformly Charged 

Thin Spherical Shell 

Let © be the uniform surface charge density of a thin 
spherical shell of radius (R). The Gaussian surface will bea 
spherical surface centered at the centre of shell. 


(i) Ata point outside the shell (7 > R) 


Since, E and dS are in the same direction. 


q 2) 214 
» =PE-dS= E(4tr“)= 
0; f pe OF (nr) 


0 Eo 
be 7 
4TE gr 
Since, g=0 x 4mR? 
FE- OR 
Eor 
Vectorially, E= aR f 
Eor 


Here, the charge inside the Gaussian surface shell. 
g= 
Elni?) = 


Electric Charges and Fields 


ae E=0 
This important result is a direct consequence of Gauss’ law 
which follows from Coulomb's law. The experimental 
verification of this result confirms 1/r2 dependence in 
Coulomb's law.The variation of electric field intensity (£) 


with distance from the centre of a uniformly charged 
spherical shell is shown in figure. 


EXAMPLE |4| A hollow charged conductor has a tiny 
hole cut into its surface. Show that the electric field in the 


-{ o A nA ; ; 
hole is (= n, where ñ is the unit vector in the outward 
0 : 


normal direction and o is the surface charge density near 
NCERT 


the hole. 

Sol Surface charge density near the hole =o 
Unit vector = ñ (normal directed 
outwards) i 
Let P be the point on the hole. The 
electric field at point P closed to the 


surface to conductor, according to 
Gauss’ theorem, 


fE-ds = 4 
Eo 
where, q is the charge near the hole. 
Eds cos 9 = 245 
Eo 


[o =q /dS = gq =cdS, where dS = area] 
“. Angle between electric field and area vector is 0°. 


E dS = gue [= cos0°=1] 
Ep 
> Bel cope lg 
Ey £ 


This electric field is due to the filled up hole and the field 
due to the rest of the charged conductor, The two fields 
inside the conductor are equal and opposite, 

So, there is no electric field inside the conductor, Outside 
the conductor, the electric fields are equal in the same 


direction. 
So, the electric field at point P due to each part 
otpe So 
2 2e, 


EXAMPLE [5] A point charge causes an electric flux 


~ 3x 10°" N -mê /C to pass through a spherical Gaussian 
Surface. 


39 


(i) Calculate the value of the point charge. 
(il) If the radius of the Gaussian surface is doubled, how 
much flux would pass through the surface? Foreign 2008 


Sol. (i) By Gauss’ theorem, total electric 
flux through closed Gaussian 
surface is given by 


q = 9€, 
But electric flux passing through 
the surface, 


6=-3x10"N-m?2/c 
“ g=(-3x10") x 8.85 x10" =~ 2655x107 =C 
=-2.655x10°2C 


(ii) Electric flux passing through the surface remains 
unchanged because it depends only on charge 
enclosed by the surface and is independent of its size. 


Note Electric flux, Gauss's Jaw and numericals based on them 


have been frequently asked in Previous years 2015, 2014, 2013. 
2012, 2011, 2010, 


TOPIC PRACTICE 4| 


OBJECTIVE Type Questions 


1. The SI unit of electric flux is 
volt 


newton 
coulomb 
(c) newton X metre” 
peta let le rate haat 


(d) volt x metre? 
coulomb 


2. Consider the charge e Xa! 
configuration and spherical a N 
Gaussian surface as shown in i 
the figure. When calculating \ -Qy 
the flux of the electric field ka F 
over the spherical surface, the Saal ai 
electric field will be due to 
(a) q; (b) only the positive charges 
(c) all the charges (d) +q, and~q, 


3. Total electric flux coming out of a unit positive 
charge put in air is 


(a) £, 
(c) (Ape, )7! 


(b) ej! 
(d) 4ne, 


In a system, 'n' electric dipole are placed ina 

closed surface, The value of emergent electric 

flux from enclosed surface is 
q 2 2 

@ m4 @-24 
A e 


1 ideo 
0 * E 


+0 


The intensity of electric field at the surface of 
conducting hollow sphere is 10 NC™ and its 
radius is 10 cm. The value of electric field at the 
centre of sphere is 


(a)zero (6) 10NC™ (c) 1 NC™ (a) 100 NC 


The surface densities on the surfaces of two 

charged spherical conductors of radii R, and R, 

are equal. The ratio of electric intensities on the 

surfaces are 

(a) RÈ /R3 b) RÈ /RÈ (QR /R (d): 

The electric flux ìn a charged spherical 

conductor is 

(a) zero inside and outside the sphere 

(b) maximum inside the sphere and zero outside the 
sphere 

(c) zero inside the sphere and decreases tale the 
sphere with increase of square of distance 

(d) maximum inside the sphere and decreases outside 
the sphere with increase of distance. 


. Radius of a hollow sphere is R anda charge q is 


placed at the centre of hollow sphere. If the 
radius of sphere becomes half and charge also 
becomes half, then the value of emergent total 
flux from the surface of sphere is 


(a)4g/e, (b)2q/e, = (c) g/2E, (d) q/e, 


9. The electric flux through the surface 


10. 


y z 2: 


(a) in Fig. (iv) is the largest 

(b) in Fig. (iii) is the least 

(c) in Fig. (ii) is same as Fig. (iii) but is smaller than 
Fig. (iv) 

(d) is the same for all the figures 

Five charges q,, 42, Jz, q4, and qs are fixed at 


their positions as shown in Figure, S is a 
Gaussian surface. The Gauss’ law is given by 
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f, E-ds = 4. Which of the following statements 
s £0 


is correct? 


(a) E on the LHS of the above equation will have a 
contribution from q4, q, and q,, q; and q} while q 
on the RHS will have a contribution from q, and 
q, only 

(b) E on the LHS of the above equation will have a 
contribution from all charges while q on the RHS 
will have a contribution from q, and q, only 

(c) E on the LHS of the above equation will have a 
contribution from all charges while q on the RHS 
will have a contribution from q,,q, andq, only 

(d) Both E on the LHS and q on the RHS will have 
contributions from q, and q, only 


VERY SHORT ANSWER Type Questions 


if. 


12. 


13. 


14. 


15. 


Can Gauss’ law in electrostatics tell us exactly, 
where the charge is located within the Gaussian 
surface? 


An arbitrary surface encloses a dipole. What is 
the electric flux through this surface? 
NCERT Exemplar 


A square surface of side / metres in the 

plane of paper is placed in a uniform electric 
field E acting along the same plane at an angle 8 
with the horizontal side of square as shown in 
the figure. What is the electric flux linked to the 
surface? 


What is the net flux of the uniform electric field 

through a cube of side 20 cm oriented, so that 

its faces are parallel to the coordinate planes? 
NCERT 


What is the number of electric field lines that 
radiate outward from one coulomb of charge in 
vacuum? 
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16. 


17. 


18. 


20. 


21. 


22. 


Does the strength of electric field due to an 
infinite long line charge depend upon the distance 
of the observation point from the line charge? 


How does electric field at a point charge vary 
with distance r from an infinitely long charged 
wire? 


Does the strength of electric field due to an 
infinite plane sheet of charge depend upon the 
distance of the observation point from the 

sheet of charge? Delhi 2010 


How does the electric flux due to a point charge 
enclosed by a spherical Gaussian surface get 
affected when its radius is increased? Delhi2016 


Two charges of magnitudes - 2Q and + Q are 
located at points (a, 0) and (4a, 0), respectively. 
What is the electric flux due to these charges 
through a sphere of radius 3a with its centre at 
the origin? All India 2013 


What is the electric flux through a cube of side 
1 cm which encloses an electric dipole? 
All India 2015 


(i) A charge q is placed at the centre of a cube. 
What is the electric flux passing through 
each face of cube? 

- (ii) If radius of Gaussian surface enclosing some 
charge q is halved, then how does electric 
flux through Gaussian surface change? 


SHORT ANSWER Type Questions 


23. 


24. 


25, 


If the total charge enclosed by a surface is zero, 
does it imply that the electric field everywhere 
on the surface is zero, conversely, if the electric 
field everywhere on the surface is zero? Does it 
imply the net charge inside is zero? 

NCERT Exemplar 
A charge q is enclosed by a spherical surface of 
radius R. If the radius is reduced to half, how 
would the electric flux through the surface 
change? 
Rank the Gaussian surfaces as shown in the 
figure. In order of increasing electric flux, 
starting with the most negative. 


26. 


27. 
28. 


29. 


30. 


31. 


32. 


Consider the charge ie sie 
. > Pa ` 2 
configuration and a spherical / qs ` 
Gaussian surface as shown in the ; : 
figure. hy 


Which one of the three charges “renee 
will be the cause of electric field 

while calculating the flux of the field over the 
spherical surface? 


Deduce Coulomb’s law from Gauss’ law. 


What will be the electric field intensity 
at the centre of a uniformly charged circular 
wire of linear charge density? 


A thin straight infinitely long conducting wire 
having charge density 2. is enclosed by a 
cylindrical surface of radius r and length l, its 
axis coinciding with the length of the wire. Find 
the expression for the electric flux through the 
surface of the cylinder. All India 2011 


A hemispherical body is placed in a uniform 
electric field E. What is the flux associated with 
the curved surface, if field is 

(i) parallel to base? 

(ii) perpendicular to base? 


Consider two hollow concentric spheres S, and 
S, enclosing charges 20 and 4Q respectively, as 
shown in the figure. 


(i) Find out the ratio of the electric flux 
through them. 

(ii) How will the electric flux through the sphere 
S, change, if a medium of dielectric constant 
£, is introduced in the space inside S, in place 
of air? Deduce the necessary expression. 


A square surface of side / metre is in the 
plane of paper. A uniform electric field E 
(volt/metre), also in the plane of the paper, is 
limited only to the lower half of the square 
surface, (see figure). What is the electric flux 
associated with this surface? 
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33. Consider an electric field E = Ey $, where Ey isa 


constant. What is the flux through the shaded area 
(as shown in figure) due to this field? 


34. Given the electric field in the region E= 2xi, find 
the net electric flux through the cube and the 


charge enclosed by it. All India 2015 
Y 
X 
a 
Z 


LONG ANSWER Type I Questions | 


35. State Gauss’ law in electrostatics. A cube with 
each side ais kept in an electric field given by 
E = Cxias shown in the figure, where C is a 
positive dimensionless constant. 
y 


-a +—a—] 
Z 
Find out 
(i) the electric flux through the cube and 
(ii) the net charge inside the cube. Foreign 2012 


36. Use Gauss’ law to derive the expression for the 
electric field between two uniformly charge 
parallel, sheets with surface charge densities o 


and — o, respectively. All India 2009 


37. Careful measurement of the electric field at the 
surface of a black box indicates that the net 
outward flux through the surface of the box is 
8.0 x 10? N- m7C7'. 

(i) What is the net charge inside the box? 

(ii) If the net outward flux through the surface of 
the box was zero, could you conclude that 
there were no charges inside the box. Why or 
why not? NCERT 
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38. (i) Define electric flux. Write its SI unit. Gauss’ 
law in electrostatics is true for any closed 
surface, no matter what its shape or size js. 
Justify this statement with the help of a 
suitable example. 

(ii) Use Gauss’ law to prove that the electric 
field inside a uniformly charged spherical 
shell is zero. Delhi 2015 


39,,. (i) State Gauss’ theorem. 


(ii) Using Gauss’ law, prove that the electric 
field at a point due to a uniformly charged 
infinite plane sheet is independent of the 
distance from it. 

(iii) How is the field directed, if 
(a) the sheet is positively charged, 

(b) negatively charged? Delhi 2012 


(i) Use Gauss’ theorem to find the electric 
field due to a uniformly charged infinitely 
large plane thin sheet with surface charge 
density ©. 

(ii) An infinitely large thin plane sheet has a 
uniform surface charge density +o. Obtain 
the expression for the amount of work done 
in bringing a point charge q from infinity to 
a point, distant r, in front of the charged 
plane sheet. All India 2017 


40. 


41. (a) Define electric flux. Is it a scalar or a vector 
-~ quantity? 

A point charge q is at a distance of d/2 

directly above the centre of a square of 

side d, as shown in the figure. Use Gauss’ 

law to obtain the expression for the electric 

flux through the square. CBSE 2018 


/ 


(b) If the point charge is now moved to 4 
distance d from the centre of the square 
and the side of the square is doubled: 
explain how the electric flux: will ¢ 
affected. 


q 


d 
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NUMERICAL PROBLEMS 


42. 


43. 


45. 


TI 


48. 


An infinite line charge produces a field of 
9x10* N/C at a distance of 2 cm. Calculate the 
linear charge density. NCERT 


A point charge +10 uCisata 5cm 


distance 5 cm directly above 

the centre of a square of 

side 10 cm, as shown in 

figure. What is the 

magnitude of the electric d 

flux through the square? H— 10 cm — 
NCERT 


Í 
S 
= 


A point charge of 2.0 uC is at the centre of a 


cubic Gaussian surface 9.0 cm on edge. What is 
the net electric flux through the surface? NCERT 


Consider a uniform electric 

field E=3 x 10°iN/C. 

(i) What is the flux of this field through a 
square of 10cm on a side whose plane is 
parallel to the YZ-plane? 

(ii) What is the flux through the same square, if 
the normal to its plane makes an angle 60° 


with the X-axis? NCERT 


Given a uniform electric field E=5 x 10°iN/C, 
find the flux of this field through a square of 

10 cm on a side whose plane is parallel to the 
YZ-plane. What would be the flux through the 
same square, if the plane makes an angle of 30° 


with the X-axis? Delhi 2014 


Auniformly charged conducting sphere of 
diameter 2.4 m has a surface charge density of 


80.0 1 C/m?. 

(i) Find the charge on the sphere. . 

(ii) What is the total electric flux leaving the 
surface of the sphere? NCERI 


A hollow cylindrical box of length 1 m and area 
of cross-section 25 cm’ is placed ina three 
dimensional coordinate system as shown In the 
figure. The electric field in the region 1s given My 
E= 50 xi, where Eis in NCand x is in metre. 


49; 


50. 


51. 


52. 
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Find 


(i) net flux through the cylinder and 
(ii) charge enclosed by the cylinder. 
Delhi 2014 


A uniform electric field is given as E =100i N/C 

for x>Oand E = 100i N/C for x <0. A right 

circular cylinder of length 20 cm and radius 

5 cm has its centre at the origin and its axis 

along the X-axis, so that one face is at 

x =+10cm and other is at x = -10 cm 

(i) What is the net outward flux through each 

flat face? 

(ii) What is the flux through the side of 
cylinder? 

(iii) What is the net outward flux through the 
cylinder? 

(iv) What is the net charge inside the cylinder? 


Two large thin metal plates are parallel and 
close to each other. On their inner faces, the 
plates have surface charge densities of opposite 
signs and of magnitude 


17.0 x10 Cm. What is E 
(i) to the left of the plates, 
(ii) to the right of the plates and 


(iii) in between the plates? NCERT 


A point charge causes an electric flux of 
-1.0x10° N-m?/C to pass through a spherical 
Gaussian surface of 10.0 cm, radius centred on 
the charge. 
(i) If the radius of the Gaussian surface were 
doubled, how much flux would pass through 
the surface? 


(ii) What is the value of point charge? NCERT 


The electric field components in given figure 
are Ey =ax"?, Ey = Ez =0, in which 


a = 600 N/ C-m*?. 


Calculate (i) the flux through the cube and 
(ii) the charge within the cube. Assume that 


l=01m. 
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1. 


| HINTS AND SOLUTIONS | 


(c) The SI unit of electric flux is N-m? C7. 


2. (c) As flux = aa . So, flux is due to only charges + q; 


10. 


0 
and — q, that makes a sum zero. But q, produces its own 
flux and net flux linked with sphere is zero. Electric field 
will be due to all the charges. 
(b) By Gauss’ law, 6 = Electric flux through closed 


surface area 
= esed fg cg = 1 unit 


1 2 
> o=—= a 


£ 


(d) According to the definition of an electric dipole, net 
charge in enclosed surface = + q — q =0 


Hence, electric flux, 


q 
=—=-=0 
Èr Eo 


- (a) Inside the conducting sphere, electric field at every 


point is zero. 


- (d) Intensity of electric field on the surface of 


conducting sphere, (E =6 /£,). 

Since, both charged spheres have same surface charge 
density, so according to Gauss’ theorem, these have same 
electric intensity i.e., the ratio is1:1. 

(c) Electric flux is zero inside of spherical conductor and 
outside is E «(1/r’) and decreases outside the sphere 
with increase of distance. 


- (c) According to Gauss’ law, emergent flux, 6 = L. 


0 
If charge becomes half, then the value of charge in the 
surface is q’=4, soo =L. 
z 2 $ 2 


0 


- (d) Gauss’ law of electrostatics state that the total of the 


electric flux out of a closed surface is equal to the charge 

enclosed decided by the permittivity i.e., Q electric = g, 
Eo 

Thus, electric flux through a surface doesn’t depend on 


the shape, size or area of a surface but it depends on the 
number of charges enclosed by the surface. 


So, here in this question, all the figures have same 
electric flux as all of them has single positive charge. 


(b) According to Gauss’ law, the term q on the right side 
of the equation f, E -dS = = includes the sum of all 
0 


charges enclosed by the surface, 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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The charges may be located anywhere inside the surface, 
if the surface is so chosen that there are some charges 
inside and some outside, the electric field on the left side 
of equation is due to all the charges, both inside and 
outside S. So, E on LHS of the above equation will have a 
contribution from all charges while q on the RHS will 
have a contribution from q, and q, only. 


No, it tells us only about the magnitude of charge 
enclosed by the Gaussian surface. 


If any arbitrary surface encloses a dipole, then the net 
charge is zero because the total charge on the dipole is 
zero (dipole consists of two equal and opposite charges), 
According to Gauss’ law, 


total flux = Lg charge enclosed = KA x(0)=0> ġ=0 
Eo Eo 
Since, E is acting along the same plane at an angle 8 as 
shown in the figure, therefore electric flux, 
ġ = EA cos 0, where 6 is angle between E and normal to 
surface, i.e. 
6=90° = o=EA cos 90° =0 
As we know that, the number of field lines entering in the 
cube is the same as that the number of field lines leaving 
the cube. So, no flux is remained on the cube and hence, 
the net flux over the cube is zero. 


Number of electric field lines = La PEEL 
E€ 8.85X 10 
=113x10"  [vq=1C] 
Yes, the electric field due to an infinitely long line 
charge depends upon the distance of the observation 
point from the line charge. 


The electric field due to a line charge falls of with 
distance as 1/r. 


No, the electric field due to an infinite plane sheet of 
charge does not depend upon the distance of the 
observation point from the plane sheet of charge. 


According to question, electric flux () due to a point 


charge enclosed by a spherical Gaussian surface is given 
by 


E E = kg and A =47r° 
2 


So, there is no effect of change in radius on the electric 
flux. 


Gauss’ theorem states that the total electric flux linked 
with closed surface S, 


e =E-dS = 
Ey 


plectric Charges and Fields 


where, q is the total charge enclosed by the closed 
Gaussian (imaginary) surface, 


+0 


eee 
Ne 


The sphere enclosed charge = — 20 


d= aie (inwards) 
Eo 


Therefore, 


21. Since, according to the Gauss’ law of electrostatics, 
electric flux through any closed surface is given by 


dr =fE-ds = nG) 
Eo X 
where, E = electrostatic field, 
q = total charge enclosed by the surface 
and £g = absolute electric permittivity of free space. 
So, in the given case, cube encloses an electric dipole. 
Therefore, the total charge enclosed by the cube is zero. 


Le. q=0 
Therefore, from Eq. (i), we get 
q 
= =0 
(73 - 


Le. Electric flux is zero. 
22. (i) Flux through each face 


mk oe E 
6 \ Eo) 6, 
(ii) Electric flux, = L since q does not change, 6 will 
6E 


0 
remain same, 


23. No, since fE-ds =41- 0, therefore the field may be 
£p 
normal to the surface. 
However, the reverse is true, i.e, when E = 0ever ywhere on 
the surface, the net charge inside is zero. 


24. We know that, Q, = EE, 


Ep 
Here, Qencloswa remains unchanged. Hence, electric flux 
through the surface remains same. 
Since, surface D enclosed negative charge, hence it has 
least flux negative. i 
In parts C and A, there is zero net charge, hence flux is 
Zero, surface B has most flux, which is positive in nature, 
since it consist positive charge, i.e. + 2q. 
Refer to Example 3 on page 37. 


25. 


26, 
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27. According to Gauss’ theorem, 
dS; E 


r 


tq 
Gaussian surface 


L Edsa = E-4rr= a 


Ey En 
E= — 
ANEgr 
If a charge q is kept on the surface, then 
F=ExXq,= 11o which is Coulomb's law. 
ner? 


28. A uniformly charged circular wire can be considered to 
be subdivided into pairs of diametrically opposite 
elements. The electric field intensity at the centre of 
wire due to each of the pairs is zero, therefore the 
electric field intensity due to the entire circular wire will 
be zero. 

29. | Hints: A thin straight conducting wire will have a 

| uniform linear charge distribution. 


Let q charge be enclosed by the cylindrical surface. 


. Linear charge density, À = 7 => q=Al Ai) 


By Gauss’ theorem, 
total electric flux through the surface of cylinder, 


S a [from Eq. (i)] 


30. Considering the hemispherical body as a closed body 
with a Curved Surface (CS) and a Plane Surface (PS), the 
total flux (¢) linked with the body will be zero, as no 
charge is enclosed by the body, 


P= Hes + Ops =O a(i) 
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(i) When field is parallel to the base, 
Ops = E X mR’ cos 90° =0 
From Eq. (i), we get 
t= =0 
(ii) When field is perpendicular to the base, 
ops = E X nR? cos 180° 
=- EnR® 
From Eq. (i), we get 
Qx -ERR =0 
= bcs = EnR? 
3L (i) According to Gauss’ theorem, 
- 249 


Òs, 20+40 6Q 3 


(ii) If a medium of dielectric constant €, is introduced in 
the space inside S, in place of air, then 


_ Zq _ 20 
oe T EE 
“y. o-r 


32. Electric flux 6 is a measure of number of field lines 
crossing a surface. The number of field lines passing 
through unit area (N/S) will be proportional to the 
electric field, i.e. N/S = E 
=> N œ ES 
The quantity ES is the electric flux through surface S+As in 
the given question, the field lines that enter the closed 
surface leave the surface immediately, so the net electric 
flux is bound to the system. Thus, electric flux is zero. 

33. We have, E = E,% 

Consider %, 7 and 2 be the unit vectors along X, Y and 
Z-axes, respectively. 
In the figure, shaded area, A = PQ x PS 
A = (0% + af +02) x (aå + OF + az) =a°% - a° 
~. Electric flux through the shaded area is given by 
ġ = E-A=(E,x):(a’% — a2) = Epa? 

34. Since, the electric field has only x-component, for faces 

normal to x-direction, the angle between E and AS is 


m 3 5 
+ —. Therefore, the flux is separately zero for each of the 
2 


cube except the shaded ones. 
The magnitude of the electric field at the left face is 
E,=0 {as x = Oat the left face] 
The magnitude of the electric field at the right face is 


E, =3a [as, x = a at the right face) 
The corresponding fluxes are 
and Op = E; - AS 


= E,AS cos = E,AS [6 =0°] 


=> g= Ega’ 
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Net flux (¢) through the cube 
= 0, +02 =0+ Ega’ = Epa’ 
=> q=2a (a) = 2a’ 


We can use Gauss’ law to find the total charge q inside 
the cube. 


o=1 = o= 
En Eq 
35. Refer to text on page 36. 
(i) Now, the electric field, E= Cxi is in x-direction only. 
So, face with surface normal vector perpendicular to 


this field would give zero electric flux, Le. 
=E dS cos 90° = 0, through it. 


So, flux would be across only two surfaces. 
Magnitude of E at left face, 
E, =Cx=Ca 
Magnitude of E at right face, 
E, = Cx= C2a = 2aC 
Thus, corresponding fluxes are 
, =E, -dS= E,dScos® 


{x = a at left face] 


[x = 2a at right face] 


=-aC xa? =- aC [0 =180°] 
and Og = E,-dS 
= 2aC dS cos 8 [- 0=0] 


= 2aCa? = 2a°C 
Now, net flux through cube 
=, + Ox 
=-a'C + 2a°C 
=a’C N-m’C™ 
(ii) Net charge inside the cube, again we can use Gauss 
law to find total charge q inside the cube. 


We have, = L or q = Eo 
€p 
=> q=@ CE, 
36. Let us consider two uniformly charge parallel sheets 
carrying surface charge densities + 6 and — O 


respectively and are separated by a small distance fro™ 
each other. 
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By Gauss’ law, it can be proved that, electric field in vacuum, ic. total electric flux’ over the closed 


intensity due to a uniformly charged infinite plane sheet surface S in vacuum, is1/€, times the total charge (q) 
as nearby is given by, E = a contained inside S, i.e. 
3 dr =fEds=4 
$ En 


Gauss’ law in electrostatics is true for a closed surface, 
no matter what its shape or size is. 

So, in order to justify the above statement, suppose in 
isolated positive charge q is situated at the centre O of 
a sphere of radius r. 

According to Coulomb’s law, electric field intensity at 
any point P on the surface of the sphere is 


The electric field is directed normally outward from the E= F q E 

plane sheet, if nature of charge on sheet is positive and ee eee ; 

normally inward, if charge is of negative nature. Let ? where, r is unit vector directed from O to P. 
represents unit vector directed from positive plate to Consider a small area element dS of the sphere around 


P. Let it be represented by the vector dS + a-dS. 
where, ñ is unit vector along out drawn normal to the 
area element. 


negative plate. 


Now, electric field intensity (EFI) at any point P between 
the two plates is given by 


(oj 
i) E =+ —î [due to positive plate] RE 
2€ P 


0 i PZA 


(ii) E, =+ l [due to negative plate] 
Eo 


“. New EFI at point P, 


E=E + =p Pep 
Ey My «By ~< Electric flux over the area element, 
Thus, uniform electric field is produced between the do, =E-dS 
two infinite parallel plane sheet of charge which is q è 
directed from positive plate to negative plate. i -( Eaa 
3 2a- ANE r“ 
37. Here, ¢=80x10° N-m°C E 
(i) Suppose that the net charge inside the box is q, then E-dS = a aT 
: ; Ame, r 
according to Gauss’ theorem, 
q As normal to a surface of every point is along the 
z E or q = Ey radius vector at that point, therefore ĉ-ñ =1 
Se E-ds=—1_.8 
Ep = 8.854 x10 C°N'm ime 


-12 3 
q = 8.854 x10 ` X8.0x10 Integrating over the closed surface area of the sphere, 


= 70.832x10°C we get total normal electric flux over the entire 


i here, 
(ii) Ifthe net outward flux through the surface of the box is aprere 


zero, then it cannot be concluded that there is no p = pE-ds= q ; fas 
charge inside the box. There may be equal amount of 5 Aner 


5 


positive and negative charges inside the box, E E eee E E 
Therefore, if the net outward flux is zero, we cannot aner’ 
conclude that the charge inside the box is zero. T, 
One can only say that the net charge inside the box is = aner? (4nr")= PN 
zero. 

38. (i) Electric flux over an area in an electric field Hence, f, E-dS = A which proves Gauss’ theorem. 
represents the total number of electric field lines E 
crossing the area. The SI unit of electric flux is (ii) Electric field inside a uniformly charged 
N-m’C1", spherical shell 
According to Gauss’ law in electrostatics, the surface Refer to text on pages 38 and 39, 


integral of electrostatic field E produced by any 


39. (i) Refer t 
source over any closed surface S enclosing a volume V (i) Refer to text on page 36 


(ii) and (iii) Refer to text on page 38. 


40. (i) Refer to text on page 38. 


(ii) Surface charge density of the uniform plane shect 
which is infinitely large =+0. The electric potential 
(V) due to infinite sheet of a uniform charge density 
+0, 


The amount of work done in bringing a point charge q 
from infinite to point, at distance r in front of the 
charged plane sheet, is 


Wag x Vaq = S49 


2€ 26, 


joule 


41. (a) Electric flux It is defined as the total number of 


electric field lines that are normally pass through that 
surface, 

Total electric flux 6 over the whole surface S due to an 
electric field E is given as 


o= fE -dS =fEds cos8 
S 


It is a scalar quantity. 


M 
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From the given problem, q is the point charge at a 
distance of 7 directly above the centre of the square 


side. 
Now, construct a Gaussian surface in form of a cube 
of side d to evaluate the amount of electric flux. 


“. We can calculate the amount of electric flux for six 
surfaces by using Gauss’S law, 


6, = fz -dS =L 
s Ey 
. For one surface of the cube, amount of electric flux 
ier ,_ q 
is given as 6,’ = — 
E BG Ey 
(b) Even if the point charge is moved to a distance d from 
the centre of the square and side of the square is 
doubled, but amount of charge enclosed into the 
Gaussian surface does not changes, 


< The amount of electric flux remains same, 


42. Here, E = 9x10‘ N/C, r = 2cm = 2x107 m 


and A=? 
a 
As, E= =A = one 
2neE or 
1 
=—€— X 2x10 x9x10' = 197 Cm-! 
2x9x10° F = 307m 


43. 


44. 
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‘Hints: Think of the square as one face of a cube with | 
edge 10 cm. i — | 


Electric flux linked with a surface can be calculated l 
using Gauss’ theorem, according to which total electric 
flux linked with a closed surface is * ; 

0 
Now, we imagine an enclosed cubical surface and the 
given square be one side of this cubical surface. Let a 
charge q be placed at the centre of cube. 
Now, the figure looks like as shown below. 


k—10 cm —I 


The total flux enclosed through the centre of cube is 
given by 


ga Ai) 
Eg 


[according to Gauss’ theorem] 
Here, g=10nC 
The flux enclosed by one face, i.e. square is 1/6 of total 
flux (because the cube has six square shaped faces), so 


the flux linked with each square, 


, ) 1 q ' 
staid from Eq. 
(o) aoe [from Eq. (i)] 
ol 10x 10° 
=> =-xX 


F isa Px 10° N-m7/C 


Thus, the flux linked with the square is 

1.88 10° N-m?/C., 

Let us consider a charge q is placed at the centre of a 

cubic Gaussian surface. As per the question, 
q=2uC = 2x10°C 


Length of edge = 9 cm 


SLN 


k— 9 cm—] 


According to Gauss’ theorem, the net electric flux () 
through the surface is given by 


o=2-_ 2x10" 
€p 8854 x 1097/2 


Thus, the net electric flux through the surface is 
2.26 x 10° N-m?/C. 


= 2.26 x10 N-m?/C 
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45. Electric field, E = 3 x 10° i N/C, ie. electric field is directed 
towards X-axis (due to involvement of i ). 
(i) As the surface is in YZ-plane, so the area vector 
(normal to the square) is along X-axis. 


Y 


Z 
Area, S =10x 10 =100 cm? = 107? m? 
Area vector, S = 10° 2 m? 
Using the formula of electric flux, 
ġ= E-S= ES cos 8 
= ES [~ angle between E and S is 0°] 
=3x10° x10°*=30N-m?/C 
(ii) Now, the area vector makes an angle of 60° with 
X-axis. 
E=3x10°i N/C 
S$ =100 cm’ =10°*m’, 6 = 60° 
Using the formula of electric flux, ¢ = E-S 
= =ES cos 0 =3x 10° x 10° *cos 60° 


1 
=3x10x— 
2 


=15N-m?/C 
46. Given, electric field intensity, 
E=5x 10°i N/C 
Magnitude of electric field intensity, 
|E]=5x10° N/C 
Side of square, S = 10 cm= 0.1 m 
Area of square, A = (0.1)? = 0.01 m? 
The plane of the square is parallel to the yz-plane. 


Hence, the angle between the unit vector normal to the 
plane and electric field is zero, i.e, 0 = 0°. 


~. Flux through the plane, 


o=|E|x A cos ð 
= 5 x 10° x 001 cos 0° 
= 50N-m2/C 
If the plane makes an angle of 30° with the X-axis, then 


6 = 60°. 
“. Flux through the plane, 
$=|E|x A x cos 60° = 5x 10° x 0.01 cos 60° 
= 25N-m7/C 


47, Given, | een 1.2m 
2 2 


and 6 = 800 uC/m? 
(i) Charge on sphere, q = 4nR?-o 


a9 


= 43,14 x(1.2)? x80 
= 1446.912 C 
=1.45x10°C 


(ii) Electric flux, 6 = £- 
£ 


_ 145x107 
8854 x10”? 
= 0.1637 x10° 


= 1.637 x10° N-m2/C 


48. (i) 
Tm" nB 
Z a 
Given, E=50xi 
and AS = 25 cm? 
=25x10'm? 


As the electric field is only along the X-axis, so flux 
will pass only through the cross-section of cylinder. 
Magnitude of electric field at cross-section A, 
E, =50x1 = 50N C7 
Magnitude of electric field at cross-section B, 
Es =50x2=100NC™ 
The corresponding electric fluxes are 
ġa =E AS 
=50Xx25x10™ x cos180° 
=- 0.125 N - m? C7 
and Op = Ez: AS 
=100x 25x10 x cos 0° 
= 0.25 N-m?C™? 
So, the net flux through the cylinder, 
$= þa +5 =- 0.125+0.25 
= 0.125 N-m? C7! 
(ii) Using Gauss’ law, 


E-ds = -L v E-ds = 
f : [~ PE-ds = 9] 
=> 0125+ 1 __ 

8.85x10-" 
=> q =8.85x0.125x10"" =11x10°" C 


49, (i) On the left face, the outward flux, 
$, = E AS = -100i- AS = 1004S, 


since i AS=~AS 
= 100 x n(0.05)* = 0.785 N-m?c7! 
On the right face, È and AS are parallel and therefore, 
Or = E-AS = 0.785 N-m?C™! 


(ii) For any point on the side of the cylinder, E L AS and 
hence E- AS =0 


. Flux out of the side of the cylinder =0 


50 


(iii) Net outward flux through the cylinder, 
o = 0.785 + 0.785+0 
=1.57 N-m?C™! 
(iv) From Gauss’ law, the net charge within the cylinder 
= 1.57 x 8.854 x10-"C 
=1.39x10 "C 
50. We know that, 
6 = 170x10” Cm™ 
(i) E on the left of the plates is zero. 
(ii) E on the right of the plates is zero. 
(ii) In between the plates, E = sA 
Ep 
_17.0x10” 
8.85 x10"? 
= 1.9 x107" NC 
51. Refer to Example 5 on page 39. 
52. Given, Ex =ax'?, E, =0, E, =0 


E 


a= 600N/C-m'?,1=0.1m,6=?,¢q=? 


As the electric field has only x-component, therefore 
E- A S= 6, =0for each of four faces of cube 
perpendicular to Y-axis and Z-axis. 


Flux is there only for left face L and right face Rof 
the cube. 
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At the left face, x = l 
yi E, =al} 
The flux for left face of cube, 
, = E, -AS=al'” (I°) cos 180° = — al?” 
Similarly, atright face, x = l + l =2l 
The flux for right face of cube, 
E,.=a(2l)'* 


Or = Ep AS 
= a(21)'7(17) cos 0° 
=ab?J2 
The net flux through the cube, 
>= op +0; 


= al? /2 - gis? 

= al’? (V2 -1) 

= 600 (0.1)° (/2 - 1) 
= 0.785 N-m? C7! 


Apply Gauss’ theorem and the charge within the cube, 


q = £00 = 8.85x 10°” x 0.785 
=695x 10”? C 


SUMMARY 


« Electric Charge It is the intrinsic property of the material 
which is responsible to exert the electric force. 

* Conductors and Insulators Conductors are those 
substances which conduct the electricity, whereas insulators 
are those substance which cannot conductor electricity. 

= Charging by Induction The process of charging a neutral 
body by bringing a charged body nearby it without making 
contact between the two bodies is called charging by 
induction. 

* Quantisation of Electric Charge The charge on any body 
can be expressed as an integral multiple of basic unit of 
charge, i.e. charge on one electron. It can be expressed as 

g =+ ne, wheren =1,2,... 

=» Coulomb’s Law The force of interaction (attraction or 
repulsion) between two stationary point charges in vacuum 
is directly proportional to the product of the charges and 
inversely proportional to the square of distances between 
them, 
i.e. F= Karga 

r 

* Superposition Principle Force on any charge due to 
number of charges is the vector sum of all the forces on that 
charge due to other charges, taken one at a time. 


= Electrostatic Force due to Continuous Charge 
Distribution 


A= z where A is a linear charge density. 


=4 , where o is a Surface charge density. 


b= 3, where 6 is a volume charge density. 


* Electric Field It is the space around the given charge in 
which another charge experiences an electrostatic force of 
repulsion or attraction. 


* Electric Field Lines It is a path traversed by a test charge 
around the given charge, 
* Properties of Electric Field Lines 4 


Electric lines of force start from positive charges and end at 
negative charges. i 


Two field lines never intersect each other. 
These are perpendicular to the surface of charged conductor. 
These do not pass through a conductor. 


* Electric Field Intensity At a point is the force experienced per 
unit positive test charge placed at that point without disturbing 


e-(£ 


the source charge, i.e. 
Go 


a Electric Dipole It is a pair of point charges with equal magnitude 
and opposite in sign separated by a very small distance. 

= Dipole Moment It is the product of the charge and separation 
between the charges, i.e. p=2a-q 

» Electric Field Intensity due to an Electric Dipole 

_2kox _ 

( x- Ê f : 

2kp 
(x2 + Fre 


pv3cos* 6+1 


4ne,r? 


Ata point on axial line, E = 


At a point on equatorial line, E = 


At any point, |El|= 

= Torque on an electric Dipole in a Uniform Electric Field It is 
given'by, t = pE sing 

= Work done on Dipole in a Uniform Electric Field Tota! work 
done in rotating the dipole from orientation 0, to 8, is 

W = pE(cos 8, -cos 85) 

* Electric Flux It is defined as the total number of electric lines of 
force passing normally through the surface. 

= Gauss’ Theorem The surface integral of the electric field intensity 


. ie. 
over any closed surface in free space is equal to — times the net 


Eo 
charge enclosed with in the surface. 
q 
=p E.dS =— 
te =f. 3 


= Applications of Gauss’ Theorem 
Field due to an infinitely long straight charged wire, E = 


RES 
Field due to thin infinite sheet of charge, E = a 
£9 
Field due to a uniformly charged thin spherical shell 
Outside the shell, E = ah- 
Egr À 
a 


On the surface of shell, E = 


m 
D 


Inside the shell, E = 0 


CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 6. In the following configuration of charges, 
1. A negatively charged object X is repelled by force on charge q; by q, is given by 
another charged object Y. However, an object Z (a) Fy, = N42 | Foy 
21 
is attracted to object ¥ Which of the following 4m” 
is the most possibility for the object Z? (b) F, = 1 4:42 (=f,,) 
CBSE SQP (Term-I) al amea re >on 
(a) Positively charged only _ 1. h, 
(b) Negatively charged only (c) Fy = Ine P "Fay 
oe TE y r 
(c) Neutral or positively charged i : 
(d) Neutral or negatively charged (d) F,, = > fi - -(-f., ) 
. , , Mo r 
In an experiment, three microscopic latex herd = |r, r, ) 


spheres are sprayed into a chamber and 
became charged with charges + 3e, + 5e and — 3e, 
respectively. All the three spheres came in 
contact simultaneously for a moment and got 
separated. Which one of the following are 
possible values for the final charge on the 
spheres? CBSE SQP (Term-]) 
(a) + 5e, — 4e, +5e 

(b) + 6e, + 6e, — 7e 

(c) + 4e, + 3.5e, + 5.5e 

(d) +5e, — 8e, +7e 


. An object has charge of 1 C and gains 5.0 x 10'® 
electrons. The net charge on the object 


becomes CBSE SQP (Term-]) 
(a) — 0.80 C (b) + 0.80 C 
(c) + 1.80 C (d) + 0.20C 


. The number of electrons that must be removed 


from an electrically neutral silver dollar to give 
it a charge of + 2.4 Cis 
(a) 2.510" (b) 1.510” 


(c) 1.5x107 (d) 2.5x107” 


- Two identical metallic spheres having charges 
+4q and -2q are placed with their centres r 
distance apart. Force of attraction between the 
spheres is F. If the two spheres are brought in 
contact and then placed at the same distancer 
apart, the force between them 

(a) F (b) F /2 

(c) F /4 (d) F /8 


. If charges q, q and —q are placed at vertices of 


an equilateral triangle of side l. If F,, F, and R 
are the forces on the charges respectively, then 


Bi 
(a) | F, +F, +F, = 


(b) | F, +F, + F,| =0 
(c) | F, +F, +F jazi 
1 EEr Tig = 7? 


(d) |F, +F, +F, levai 


Four objects W, X,Y and Z each with charge +4 


are held fixed at four points of a square of sìde 
d as shown in the figure. Objects X and Z are on 
the mid-points of the sides of the square. The 
electrostatic force exerted by object W on 
object X is F, then the magnitude of the force 
exerted by object W on Zis CBSE SQP (Term! 


Electric Charges and Fields 


9. Three charges q, -q and qo are placed as shown 
in figure. The magnitude of the net force on the 
charge qoat point O is (rae, aie 

Ane 
CBSE 2021 (Term-!) 


Y 
-q 
l 
a 
do q 
o a—> À 
i 2K 
(a) 0 0) Ste 
a 
a? V2 2 


10. Two point charges placed in a medium of 
dielectric constant 5 are at a distancer between 
them, experience an electrostatic force F. The 
electrostatic force between them in vacuum at 
the same distance r will be , 


(a) 5F (b) F (c) F/2 (d) F/5 
11. The magnitude of electric field due to a point 
charge 24, at distancer is E. Then, the 


magnitude of electric field due to a uniformly 
charged thin sphere shell of radius R with total 


charge q at a distance 3 (r>> R) will be 
CBSE SQP (Term-I) 
E 
a)— f 0 
(a) ~ (b) 
(c) 2E (d) 4E 
12 Two point charges + 8q and — 2q are located at 
x=0 and x = L, respectively. 
The point on X-axis at which net electric field is 
zero due to these charges, is 
(a)8L (b) 4L (c) 2L (d) L 
13, Two parallel large thin metal sheets have equal 
surface densities 26.4 x 10” °? C/mof opposite 
signs. The electric field between these sheets is 
CBSE SQP (Term-]) 
(b)1.5 x107 N/C 
(d) 3 N/C 


(a) 1.5 N/C 
(c¢)3x107 1 N/C 


53 


14. A small object with charge q and weight mgis 
attached to one end of a string of length L 
attached to a stationary support. The system is 
placed in a uniform horizontal electric field E, 
as shown in the given figure. In the presence of 
the field, the string makes a constant angle 0 
with the vertical. The sign and magnitude ofq 

CBSE SQP (Term-I) 


(a) positive with magnitude mg/E 

(b) positive with magnitude mg/ E tan@ 
(c) negative with magnitude mg/E tan® 
(d) positive with magnitude E tan@/ mg 


15. Unit of electric field is 
Or Unit of electric field intensity is 


Or. The unit of intensity of electric field is 


(a) N/m (b) C/N (c) N/C (d) JIN 
16. Electric field of a system of charges does not 
depend on 


(a) position of charges forming the system 

(b) distance of point (at which field is being observed) 
from the charges forming system 

(c) value of test charge used to find out the field 

(d) separation of charges forming the system 


17. For the dipole shown, 


Ga) 
en aaa | 


Dipole moment is given by 


A l e 
(a) p=q x 2ap (b) P= 9X 2ap 


(c) p=-q X 2ap (d) p=4q x 2ap 


18. An electric dipole of moment pis placed 
parallel to the uniform electric field. The 
amount of work done in rotating the dipole by 
90° is CBSE SQP (Term-I) 

(a) 2pE (b) pE 
(c) pE/2 (d) zero 


ot 


19. Which statement is true for Gauss’ law? 

(a) All the charges whether inside or outside the 
gaussian surface contribute to the electric flux. 

(b) Electric flux depends upon the geometry of the 
gaussian surface. 

(c) Gauss’ theorem can be applied to non-uniform 
electric field. 

(d) The electric field over the gaussian surface remains 
continuous and uniform at every point. 


20. A square sheet of side ais lying parallel to 
XY-plane at z = a. The electric field in the region 
is E =cz’k. The electric flux through the sheet is 


CBSE SQP (Term-I) 


(a) a*c w sare (c) sate (d) 0 
21. Gauss’ law is true only if force due to charges 
varies as 


(a)r r” 
For a given surface, the fE-ds = 0. From this, we 


(c) r° (d) r” 


22. 


can conclude that 

(a) E is necessarily zero on the surface 

(b) E is perpendicular to the surface at every point‘ 
(c) the total flux through the surface is zero 

(d) the flux is only going out of the surface 


23. A charge on a sphere of radius 2 cmis 2 uC 
while charge on sphere of radius 5 cm is 54C. 
Find the ratio of an electric field on distance of 
10 cm from centre of the sphere. 


(a)1:1 (b) 2:5 (c)5:2 


ASSERTION AND REASON | 


Directions (Q. Nos. 24-31) 7n the following questions, two 
statements are given- one labelled Assertion (A) and the other 
labelled Reason (R). Select the correct answer to these questions 
from the codes (a), (b), (c) and (d) as given below 
(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 
(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 
(c) Assertion is true but Reason is false. 
(d) Assertion is false but Reason is true. 


(d) 4:25 


24. Assertion Ifa point charge be revolved in a 
circle around another charge as the centre of 
circle, then work done by electric field will be 
zero. 

Reason Work done is equal to dot product of 
force and displacement. 
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25. Assertion A positive point charge initially at 
rest in a uniform electric field starts moving 
along electric lines of force. (Neglect all other 


forces except electric forces). 
Reason A point charge released from rest in an 
electric field always moves along the line of force, 


26. Assertion Electric force between two charges 
always acts along the line joining the two 
charges 
Reason Electric force is a conservative force. 


27. Assertion When a neutral body acquires 
positive charge, its mass decreases. 
Reason A body acquires positive charge when 


it loses electrons. 


28. Assertion In a non-uniform electric field, a 
dipole will have translatory as well as rotatory 
motion. : 

Reason Ina non-uniform electric field, a dipole 
experiences a force as well as torque. 


Assertion Eoutside vicinity of a conductor 
depends only on the local charge density o and 
it is independent of the other charges present 
anywhere on the conductor. 

Reason Ein outside vicinity of a conductor is 


2% 


given by = 
Eo 

30. Assertion Upon displacement of charges 
within a closed surface, Eat any point on the 
surface does not change. 
Reason The flux crossing through a closed 
surface is independent of the location of charge 
within the surface. 


31. Assertion If Gaussian surface does not enclose 
any charge, then Eat any point on the Gaussian 
surface must be zero, 

Reason No net charge is enclosed by Gaussian 
Surface, so net flux passing through the surface 
is zero. 


CASE BASED QUESTIONS 


Directions (Q.Nos. 32-34) These questions are case stud) 
based questions, Attempt any 4 sub-parts from each question 
Each question carries 1 mark. 


32. Parallel Sheet of Charge 
Surface charge density is defined as the charg? 
per unit surface area of surface charge 
distribution. 


Electric Charges and Fields 


i.e. o= dg: 

dS 
Two large, thin metal plates are parallel and 
close to each other. On their inner faces, the 
plates have surface charge densities of opposite 
signs having magnitude of 17.0 x10? Cm~as 


shown below. 
-0 
l + 
B 


The intensity of electric field ata pointis E = s 
Eo 


+ 
a 


b[EF+ 


where, €9 = permittivity of free space. 

(i) Ein the outer region of the first plate is 
(a)17 x107” N/C (b)1.5x107" N/C 
(c)1.9x107"° N/C (d) zero . 


(ii) Ein the outer region of the second plate is 


(a)17 x10? N/C (b)1.5x107"° N/C 
(c¢)19x107 N/C (d) zero 

(iii) E between the plates is 
(a)17 x10 N/C (b) 15107 N/C 
(c)1.9x107"° N/C (d) zero 

(iv) The ratio of E from right side of B at 
distances 


2 cm and 4 cm, respectively is 
(a)1:2 (b)2:1 (1:1) (d)1:V2 

(v) In order to estimate the electric field due to 
a thin finite plane metal plate, the gaussian 
surface considered is 
(a) spherical (b) cylindrical 
(c) straight line (d) None of these 


33 


Electric Field due to Nuclear Charge 


The nuclear charge (Ze) is non-uniformly 
distributed within a nucleus of radius R. The 
charge density p(r) [charge per unit volume is 
dependent only on the radial distance r from 
the centre of the nucleus as shown in figure, 
The electric field is only along the radial 
direction. 


pin) 
d ‘ 


34. 
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(i) The electric field at r = R is 
(a) independent of a 
(b) directly proportional to a 
(c) directly proportional to a” 
(d) inversely proportional to a 
(ii) Net charge on given system is 


(a)Q=[p, (4nr*)dr (0) Q= |p, (nr? )dr 
2 
; 

()Q=Jp, dr (Q= Jp, (4nr*) 


(iii) For a = 0, the value d (maximum value of p as 
shown in the figure) is 


3Ze? 3Z 4Z Z 
a“ ®»—= © aA 
4nR TR 3nR 3nR 
(iv) The correct graph representing the variation 
of E withr is 


E } E 
Eo B 
(a) (b) 
poe ‘ 
E E | 
| r 
F r 


(v) The electric field within the nucleus is 
generally observed to be linearly dependent 
onr. This implies 


(a)a=0 ba=Ž 
aR Da2 


Faraday cage 


A Faraday cage or Faraday shield is an 
enclosure made of a conducting material. The 
fields within a conductor cancel out with any 
external fields, so the electric field within the 
enclosure is zero. These Faraday cages act as 
big hollow conductors. You can put things to 
shield them from electrical fields. Any electrical 
shocks the cage receives, pass harmlessly 
around the outside of the cage. 
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(i) Which of the fol 


lowing material can be used 
to make a Farad 


ay Cage? 
(a) Plastic (b) Glass 
(c) Copper (d) Wood 
(ii) Example of a real-world Faraday cage is 
(a) car (b) plastic box 
(c) lightning rod (d) metal rod 


(iii) What is the electrical force inside a Faraday 
cage, when it is struck by lightning? 
(a) The same as the lightning 
(b) Half that of the lightning 
(c) Zero 
(d) A quarter of the lightning | 

(iv) An isolated point charge +q is placed inside 
the Faraday cage. Its surface must have 


charge equal to 
(a) zero (b) + q 
(c)-q (d) + 2q 


(v) A point charge of 2C is placed at centre of 
Faraday cage in the shape of cube with 
surface of 9 cm edge. The number of electric 


field lines passing through the cube 
normally will be 


(a)19x10° N-m?/C, entering the surface 
(b)1.9x10° N-m7/C, leaving the surface 


(c) 2.0110" N-m?/C, leaving the surface 
(d) 2.01x10° N-m?/C, entering the surface 


VERY SHORT ANSWER Type Questions 


35. 
36. 


37. 


38. 


39. 


40. 


Electric charge is additive in nature. Explain. 


Give one difference between the conductors 
and insulators. 


“Electrostatic forces are much stronger than the 
gravitational forces”. Give one example to 
justify this statement. 


A point charge is placed at the centre of a 
hollow conducting sphere of internal radius r 
and outer radius 2r. The ratio of the surface 
charge density of the inner surface to that.of the 
outer surface will be ........... CBSE 2020 


The work done in moving a charge particle 
between two points in a uniform electric field, 
does not depend on the path followed by the 
particle. Why? CBSE 2020 


Draw the pattern of electric field lines, when a 


point charge — Qis kept near an uncharged 


conducting plate. CBSE 2019 


41. 


42. 


43. 


44. 


45. 
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n of electric field lines due to an 


Draw the patter CBSE 2019 


electric dipole. 
Draw a pattern of electric field lines due to two 


, istance d apart. 
positive charges placed a di CBSE 2019 


A metallic solid sphere is placed in a uniform 

electric field as shown below. 

ļ---»—-- ey ee E 

ee spl = 

g--- --»+---3 

4--->-- ~~5---4 3 4 
(a) (b) 


Which path is followed by electric field lines? 


A point charge’+Q is placed in the vicinity of a 
conducting surface. Draw the electric field lines 
between the surface and the charge. 

All India 2017 C 
The electric field induced in a dielectric when 
placed in an external field is 1/10 times the 


electric field. Calculate relative permittivity of 
the dielectric. . 


SHORT ANSWER Type Questions 


46. 


47. 


48, 


Two identical metallic spherical shells A and B 


having charges + 4 Qand-100 arekept a 
certain distance apart. 


A third identical uncharged sphere C is first 
placed in contact with sphere A and then with 


sphere B, then spheres A and B are brought in 
contact and then separated. 


Find the charge on the spheres A and B. 
Deduce the expression for the electric field E 
due to a system of two charges qı and q, with 


Position vectors n and ry at a point r with respect 
to a common origin. 


Two small ident 


ical dipoles AB and CD h of 
dipole moment p are kept } , each o 
: at k$ kd 
shown in the figure. pt at an angle of 120° as 


Electric Charges and Fields 


What is the resultant dipole moment of this 
combination? If this system is subjected to 
electric field (E) directed along positive 
x-direction, what will be the magnitude and 
direction of the torque acting on this? 


49, Derive the expression for the torque acting on 
an electric dipole, when it is held in a uniform 
electric field. Identify the orientation of the 

dipole in the electric field, in which it attains a 


stable equilibrium. CBSE 2020 


50. What is the use of Gaussian surface? Also, 
mention the importance of Gauss’ theorem. 


51. Apoint charge causes an electric flux of 
~3.1x10* N-m?/C to pass through a spherical 
Gaussian surface. ; , 

(i) Find the value of the point charge. 
(ii) If the radius of the Gaussian surface is 


doubled, how much flux would pass through 
the surface? 


52. S, and S, are two parallel concentric spheres 


enclosing charges Ọ and 2Q as shown in the 
figure: 


S2 


(i) What is the ratio of the electric flux through 
S, and S,? 

(ii) How will the electric flux through the sphere 
S, change, if a medium of dielectric constant 
5£ is introduced in the space inside S, in 
place of air? 


LONG ANSWER Type I Questions 


53. Aspherical conducting shell of inner radius R, 
and outer radius R, has a charge Q. A charge q is 
placed at the centre of the shell. 

(i) What is the surface charge density on the 
(a) inner surface? | 
(b) outer surface of the shell? 


(ii) Write the expression for the electric field at 
a point X > R, from the centre of the shell. 


SF: 


55. 


56. 


57. 
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A large plane sheet of charge having surface 


charge density 5x 107° C/m? lies in XY -plane. 


Find the electric flux through a circular area of 
radius 0.1 m, if the normal to the circular area 
makes an angle of 60° with Z-axis. 

[Take, e) = 8.85x107? C?/N-m?] 

Consider a region bounded by conical surface 
as shown in the figure. 


E 
tt tt 


In this region, E is in vertical upward direction, 
then find the electric field when electric flux is 
passing through curved surface. 


A hollow conducting sphere of inner radius r, 


and outer radius r, has a charge Q on its surface. 

A point charge -q is also placed at the centre of 

the sphere. 

(a) What is the surface charge density on the (i) 
inner and (ii) outer surface of the sphere? 

(b) Use Gauss’ law of electrostatics to obtain the 
expression for the electric field at a point 
lying outside the sphere. 

Or 

(a) An infinitely long thin straight wire has a 
uniform linear charge density A. Obtain the 
expression for the electric field (E) at a point 
lying at a distance x from the wire, using 
Gauss’ law. 

(b) Show graphically the variation of this 
electric field E as a function of distance x 
from the wire. 


Two large charged plane sheets of charge 
densities o and - 26 C/m? are arranged 


vertically with a separation of d between them. 
Deduce expressions for the electric field at 
points (i) to the left of the first sheet, (ii) to the 
right of the second sheet and (iii) between the 
two sheets. CBSE 2019 


Or 


Aspherical conducting shell of inner radius r, 
and outer radius r, has a charge Q. 
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(a) A charge q is placed at the centre of the shell. 
Find out the surface charge density on the inner 
and outer surfaces of the shell. 

(b) Is the electric field inside a cavity (with no 
charge) zero; independent of the fact whether 
the shell is spherical or not? Explain. 


58. Total charge - Qis uniformly spread along length 
of a ring of radius R. A small test charge+ q of mass 


m is kept at the centre of the ring and is given a 
gentle push along the axis of the ring. 
(i) Show that the particle executes a simple 
harmonic oscillation. 
(ii) Obtain its time period. 


LONG ANSWER Type II Questions 


59, . (i) Derive the expression for the electric intensity 
‘ at any point P, at distance r from the centre of 
an electric dipole, making angle a, with its axis. 
(ii) Two point charges + 41C and +1uC are 
separated by a distance of 2 m in air. Find the 
point on the line joining charges at which the 
net electric field of the system is zero. 
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60. (a) Derive an expression for the electric field at any 
` point on the equatorial line of an electric 
dipole. 

(b) Two identical point charges, q each are kept 2m 
apart in air. A third point charge Q of unknown 
magnitude and sign is placed on the line joining 
the charges such that the system remains in 


equilibrium. Find the position and nature of QO. 
61 (a) Define an ideal electric dipole. Give an example, 


(b) Derive an expression for the torque 
experienced by an electric dipole in a uniform 
electric field. What is net force acting on this 
dipole? 

(c) An electric dipole of length 2 cm is placed with 
its axis making an angle of 60° with respect to 
uniform electric field of 10°N/C, 

If it experiences a torque of 8/3 N-m, calculate 
the 
(i) magnitude of charge on the dipole and (ii) its 
potential energy. 

Gauss’ law. Using this law, obtain the 

eis for the electric field due to an 

infinitely long straight conductor of linear 
charge density A. 


62. 


31. 


32. 


- (d) Due to dis 
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(ii) A wire AB of length L has linear charge 
- density À = kx, where x is measured from 


end A of the wire. This wire is 
aesed by a Gaussian hollow surface, 


i lectric flux 
Find an expression for the e 
through this surface. All India 2017¢ 
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(a) 7. (b) 8. (b) 9. (c) | 10. (a) 
(d | 12.49 | 13. (d | 14. (b) | 15. (c) 
() | 17. (a) | 18. (&) | 19. (d | 20. (c) 


- (b) | 22. (c) | 23. (b) 


- (a) Force by electric field will be perpendicular to 


the displacement, 


(c) If the field lines are curved, then the charged 
Particle follows the straight line path along the 


direction of tangent drawn to electric field lines at 
its starting point. 


. (b) 
- (a) 
.- (a) 


. (d Ein outside vicinit 


y of conductor's surface 


depends on all the charges present in the space, but 


expression E = = 
Eo 


placement of char 
surface E at any 


crossing the sur 


! ge within closed 
point may change. But net flux 
face will not change. 


(d) E at any point on Gaussian surface may be due 
to outside charges also. 


(i) (d) There ar 


e two plates 4 and Bh 
charge de 


nsitieso 4 = 17.0x 19- 2 C/m? on A and 


Oa =- 17.0% 197 2 C/m? on B, respectively. 
A B 
ti Ii 
l Ea E, 
Ey Eg Ep 
Eg 


Electric Charges and Fields 


According to Gauss’ theorem, if the plates have same 
surface charge density but having opposite signs, then 
the electric field in region I is zero. 


(èj o 
E =E, +E, =— +|- — | =0 
ie ( z) 
(ii) (d) The electric field in region II is also zero. 
En =E} +E, 


o (o) ; 
= — 4+] —_] = = 
2€, ( z) 


E, =E, -E= — +2 
2E 284 
-9 _G,NG, 
Eo Eo 
_170x10” 
885 x 10°? 


E = 192 x 107 NC” 


(iv) (c) Since, electric field due to an infinite.-plane sheet 
of charge does not depend on the distance of 
observation point from the plane sheet of charge. So, 
for the given distances, the ratio of E will be 1:1. 


(v) (b) In order to estimate the electric field due to a thin 
finite plane metal plate, we take a cylindrical 
cross-sectional area A and length 2r as the gaussian 
surface. 


33. (i) (a) Electric field atr = R 
p(r) 
d 


r 
a R 


E= Ke '9 = Total charge within the nucleus = Ze 
R 


So, p= 


So, electric field is independent of a. 
(ii) (a) Net charge, Q = Jo, anr dr 


iii AA 
(iii) (b) As, = 
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3 4 3 
mdR? 
= Ze = 
Q= Ze 3 
_ ae 
TR’ 
(iv) (d) From the formula of uniformly (volume) charged 

i sphere E = Pr 
3€, 


= E œ r, so correct graph is as shown, 
E 


a=A r 


(v) (c) For E œ r,p should be constant throughout that of 
nucleus. This will be possible only when a = R. 
34. (i) (o, (ii) (a), (iii) (c), (iv) (b) 
(v) (c) According to Gauss’ law, electric flux, 
= Ei = = EET = 201 x10"! N-m?/C 
£o 886x10 
(leaving the surface) 
35. Refer to text on page 2. 


36. Conductors are those substances which can be used to 
carry or conduct electric charge/electron from one point 


to other. Insulators are those substances which cannot 
conduct electricity. 


37. This statement can be proved by taking comparison of 
electric and magnetic forces between two protons. 


Let the distance between two protons having charge +e 


and mass m is placed at a distance r from each other as 
shown in figure. 


F e Fy 
<— oO —>—_—____9 
(e, m) (e. m) 


ahi [Coulomb's law] 
ANE) r“ 
“i exe 
ARE, r? 
=> Fy =G mm, (gravitation law) = G MLN 
r? r? 


where, F, and F, are electric and gravitational force 
respectively, on putting the values, we get 
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d c 
F. _ Ane, r? poy ght gy 
Fr Gm? ane, m® G 
R 
= (2 X10°)(1.6x10™)? 1 


(1.67 x107}? 
= 1.210" =10% 
= FEF 
Hence, the electric force is 
gravitational force. 
38. 4:1, for detail refer to sol 14 given on page'19 and 20. 


39. It is because force acting on charge particle in an 
electric field is conservative which does not depend on 
path. Hence, work done by electric force is independent 
of path followed by the particle. 


40. -Q 
AN 
L A A O EO OO Uncharged conducting plate 


41. Refer to figure on pages 14 and 15. 
42. Refer to diagram on pages 14 and 15. 


43. Path 4 is followed by electric field lines. Since, there are 
no electric field lines within the metallic sphere and 
field lines are normal at each point onthe surface. 


X —— 
(6.67 x107"') 


much stronger than 


44. E 
+Q 

£o 

45. We know that, E,=K girt 
SIERE 
Here, 10° 
Eo 

= =10 

. €, 1 r 
10 ° 


Hence, relative permittivity of the dielectric becomes 
10 times of the original value. 


46. When C is in contact with A, the 
charge developed on C is — 4Q. 
When this is brought in contact 
with B, the charges are distributed 
and becomes (— 10 — 4) -14Q on B 
and C each. (e 


+40 -10 Q 


A ——— B 


47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 


55. 


56. 


Therefore, surface ch 


3 ] 
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Al last when A and Bare a ear aaa again 
charges are re-distributed and bec 

(-14 + 4)=10Q on each. 

Refer to text on page 13. 

Refer to Q. 18 on page 30. 

Refer to text on page 28. 

Refer to text on pages 36 and 37. 

Refer to Example 5 on page 39. 

Refer to Q. 31 on page 41. 

Refer to text on pages 38 and 39. 

According to Gauss’ law, the electric field due to a plane 


sheet of charge is 
oO 


2E, 
Given that, @=5x10~° C/m? 
5x10° _5x10° 
~ 2x885x10 177 
= 2825x10° V/m 
d>=E-dA 
=> 6 = EA cos 8 
= 2825 x10° x314 x107? x cos 60° 
=444kVm = 444 x10? N-m2/C 


Use Gauss’ theorem, JE-as = 4. 
Eo 


So, 


(a) When a charge —g is placed at the centre of the 
hollow conducting sphere, then charge induced on the 
inner surface is + q and on outer surface is —q. But 
charge Q is already present on its outer surface. So, net 
charge on outer surface is (Q~q)as shown. 


—Q-q 


AN 


arge density on 


(i) inner surface is =i 
anr? 


(ii) and on outer surface is Q-q 
7 4nr; 
Ata point lying outsid auss’ 
electric flux mau i ea 
bp =fE «dS = a 
s € 


where, g is the net charge enclosed. 


Electric Charges and Fields 


As E and dS are in same direction as shown. 


“Sane? 


E (anr?) = 21 
Eo 
= Electric field, E = Q-4 
4 ner? 
Or 


(a) Refer to text on pages 37 and 38 (Replacing r by x). 
(b) Refer to text and graph given on page 38 
(Replacing r by x). 
57. (i) Electric field to the left of plate 1 (region I) 


AAS AEE MEEN os 
2E; 2E 
E, E E; 
— => — 
i l m 
Ez Ez E 


1 ff; 2 


(ii) Electric field to the right of plate 2 (region III) 


Or 
(a) Refer to Sol. 14 on pages 19 and 20. 
(b) Yes, the electric field inside a cavity is zero 
irrespective of shape because the cavity has zero net 
charge. 


58. Refer to Q. 14 on page 30. 


(i) Use relation, E = ar 


— to find 
4ne, (r? + a ye 


F =qE =- kz 
m 


(ii) Use relation, T = 27 PA 


59. (i) Refer to text on page 27. 
(ii) n—— 2m —— 


+4yC P +1pC 


He x —— 2 -XM 


6l 


Let the net electric field be zero at point P at a distance 
x from charge +4uC, then 


1 4x10“ | 1x10“ x1 
4me, x? 4me,x(2-x)’ 
4 1 
=> —= z 
x (2- x) 
2 1 
=> — = —— 
x 2-x 
=> x=4-2x 
4 
=> x=-m 
3 


GO. (a) Refer to text on page 26. 
(b) Let P be the point at which the system of charges is in 
equilibrium, then 
F(x) = F(2— x) 


1 qQ_ 1 qQ 


4me, x? 4me, (2-—x)° 
1 1 
E ? = 3 
x (2-xy 
=> x=(2-x) > x=1 


Thus, the charge Q should be placed at the centre of 
line joining two given charges. Also the two given 
charges are identical, i.e. having same nature, so the 
third charge could be of any nature (positive or 
negative). As the forces on it at the centre are equal 
and opposite. 


G1. (a) Refer to text on page 25. 
(b) Refer to text on page 28, 
(c) Given, length of electric dipole, 2! = 2em= 2x10°7 m 


0 = 60° 
E =10 N/C 
(i) t= pE sind 
CODE: 
ig Esinð 
=> 2ge= l 
Esind 
=; T 
TF (HEsino 


: 8v3 
2x107* x 10° x sin60° 
(ii) Potential energy = -pE cos 0 = -(2l x q) E cos 60° 


= =2x107? x8x10 x10 x} 
2 


=8x10” C 


= —8 joule 
G2. (i) Refer to text on pages 36, 37 and 38, 
(ii) Use dQ = À -di and Gauss’ theorem $ = Q 
E€ 


The degree of electrification of a body is represented by the electrostatic porential of the 
charged body, The direction of flow of charge between two charged bodies placed in 
contact with cach other is determined by electrostatic potential. 


ELECTROSTATIC 
POTENTIAL AND 
CAPACITANCE 


[TOPIC 1 | . r CHAPTER CHECKLIST 
Electrostatic Potential, Electrostatic | i i 
Potential Difference and Electrostatic | Prostate Paomia atc 
Potential Ener SY Potential Energy 


> Dielectric and Capacitance 


« 


o Electrostatic Potential, 


The electrostatic potential at any point in the region of electric field is equal to the 
amount of work done in bringing a unit positive test charge (without acceleration) 
from infinity to that point. 


Work done (W) 
Charge (qu) 


Electrostatic potential (V) = 


It is a scalar quantity. Its SI unit is volt (V) and 1V = 1 J/C and its dimensional 
formula is [ML TA], 


Note 

Electrostatic potential (V) at a point is said to be one volt, when one joule of work is done in 
moving one coulomb of positive charge (without acceleration) from infinity to that point 
Work done ([W,, ] a) by an external force in bringing (without acceleration) a 
unit positive charge from infinity to a point is equal to the potential (V) at that 
point, 


V Walau 


cut 3 | Wa M 


do do 


i.e. 


| ie | wW. Tist = —| Wa eiee ] 


plectrostatic Potential and Capacitance 


where, [Wa letec is the work done by the electric field on a 
charged particle as that particle moves from infinity to a 
point. A potential (V) can be positive, negative or zero 
depending on the signs and magnitudes of g and W. 
Note Electric potential is state dependent function as electrostatic 


forces are conservative forces. No work is done in moving a unit 
positive lest charge over a closed path in an electric field. 


EXAMPLE |1| Potential at a point Pin space is given as 
3x10°V. Find the work done in bringing a charge of 
2x10 °C from infinity to the point P. Does: the answer 
depend on the path along which the charge is brought? 
Sol. Given, 
Potential at the point P, 
V =3X10°V, charge, qa = 210°C 
Work done in bringing the charge from infinity to the 
point P is 
We. = QV = 2 X107% X3 x10 
=6 x10" =0.6 J 


No, the work done will be path independent. 


ELECTROSTATIC POTENTIAL 
DIFFERENCE 


Electrostatic potential difference between two points P and 
Q of a charge configuration consisting of charges 
1f 93 qand q is equal to the work done by an external 
orce in moving a unit positive test charge against the 
electrostatic force from point Q to P along any path 
between these two points. Figure shows that work done on 
a test charge gy by the electrostatic field duc to any given 
charge configuration depends only on the position of initial 
point Q and position of final point P. Work done is 
independent of the path chosen in going from Q to P. 


Q 


q: O44 on 


oq; 
Electrostatic potential difference between two points P and Q 


If Vo and V, are the electrostatic potentials at Q and P 
"spectively, then electrostatic potential difference between 
Points Q and P is 


’ LAV =— 
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The dimensional formula for electrostatic potential 
difference is given by 


V= Wop 1 (ML7T ~7] 
do [AT] 


The SI unit of electrostatic potential difference is volt. 


1V =1JC7'=1N-m C™' 


Thus, electrostatic potential difference between any two 
points in an electrostatic field is said to be one volt, when 
one joule of work is done by an external force in moving a 
positive charge of one coulomb from one point to the other 
against the electrostatic force of field without any 
acceleration. 


=(MUT3A7] 


Note One electron-volt (1 eV) is the energy equal to the work 
required to move a single elementary charge e such as an electron 
or the proton through a potential difference of exactly one volt (1 V) 


‘1eV=e (1V) = (1.60 x 10°'°C) (1u/C) = 1.60 x 10°" 


EXAMPLE |2| The potential difference between two 
points is 20 V. How much work will be done in carrying a 
charge of 400C from one point to the another? 


Sol. Given, AV = 20V and q = 400 uC = 400 x107 ° C 
We know that, 
: : Je ons Work ` 
Electrostatic potential difference = soe 
Charge 
V 
= av=% 
q 
W 
=> 20 = ————— 
400 x10"° 


W = 20x400x10° °= 8x10 J 


EXAMPLE |3|If 100 J of work must be done to move an 
electric charge of magnitude 4C from a place A, where 
potential is -10 V to another place B where potential is 
V volt. Find the value of V. 


Sol. Given, Wag =100J, q=4C, Vy =-10V, V= V=? 
Since, Way = q(Vy -— Va) 


=>  00=4(V+10) = V=15V 


ELECTROSTATIC POTENTIAL 
DUE TO A POINT CHARGE 


Let P be the point at a distance r from the origin O at which 
the electric potential due to charge + q is required. 


rq +1C 
o——_____®--------- @----- @——__-- -------- 
(0) P B A E 7 
e j dx 

t x 1 
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The electric Potential a 
done in carrying a unit Positive 
work done is 


conv z ; Meaka 
ny enient path along the radial direction from infinity to 


point on this path where OA = x. The electrostatic force on 
a unit positive charge at A is given by 


Pael gR 


[along OA] ...(i) 


Small work done in moving the charge through a distance 
dx from A to B is given by 


dW =F. dx 
= Fdx cos 180°=—Fdx [-." cos 180°= —]] 
> dW =- Fdx (iü) 


Total work done in moving a unit positive charge from © to 
the point P is given by 


W = |’ -F ds 


q eee 
W= ... (iit) 
as NE or 
From the definition of electric potential, this work is equal 
to the potential at point P. 


g (iv) 
ANE or 


A 


A positively charged particle produces a eat electric 
potential. A negatively charged particle pro sige a negative 

N tential. Here, we assume that electrostatic 
electric po nity. Eq.(iv) shows that at equal 


‘al is zero at infi , 
potential is value of V is same. 


distances from a point charge 4, ingle charge j 
Hence, electrostatic potential due to a single charge is 

Besically symmetric. Figure given below shows the 
sp 


i jal with distance, i.e. V oc — 
on of electrostatic potents i - 


variati i 
n of electrostatic field with distance, i.e. 


and also the variatio 


1 
r 


Potential (v) 


Electric field (£) 


0.5 1.0: 1 
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5 20 25 30 35 40 45 50 
Distance (r) —— 


Variation of electrostatic potential V and electric field E with distance, 


l 1 pe 
Due to a single charge, F ~% -z ,E œ T but V œ m where 


r 


r is the distance from the charge.: 


EXAMPLE |4| What is the electrostatic potential at the 
surface of a silver nucleus of diameter 12.4 fermi? Atomic 


number (Z) for silver is 47. 


Sol. Given, r= 


124 =6.2 fermi =6.2x10 "m and Z = 47 
2 


<- Charge of the nucleus, q = Ze = 47 X1.6x10""? C 


[e =1.6x10™C] 


~. Electrostatic potential at the surface, 


y=_4 _ 9X10" x47 x1.6x10-" 
4TE yr 


EXAMPLE 


= = 1.09x10’V 
6.2107 


|5| A point charge Q is placed at point 0 as 


shown in the figure. Is the potential difference (Va —V5) 
positive, negative or zero, if Q is 


(i) positive? 


(ii) negative? 


All India 2011 


Sol. Let the distance of points A and B from charge Q be ry 
and rg, respectively, 


<. Potenti 


V,- 


Therefore, E Jl 


al difference between points A and B, 


ees | ta 
ANE, A Ty 
ra =0A, ry = OB and rA < Ta 
1 
SrL 
"A Ny 


—| has positive value 
A Ta i 


(V ~ Vp) depends on the nature of charge Q, 
(i) (V, - Vy) is Positive when Q > 0, then 


(ii) (V, - 


Vp) is negative when Q <0. 


Electrostatic Potential and Capacitance 


ELECTROSTATIC POTENTIAL 
DUE TO A SYSTEM OF CHARGES 
Let there be a number of point charges Ji Jz 93» Ga at 
distances 7,7273» 7, respectively from the point P, 
where electric potential is to be calculated. 
Potential at P due to charge q,, 
ait igh 
: ÁTE 0 np 
A system of charges 
Similarly, >= ae V, = ; ae i 
4NE 9 Top 4NEy hp 
Vie li A 
a ÁTE 0 TP 


Using superposition principle, we obtain resultant potential 
at point P due to total charge configuration as the algebraic 
sum of the potentials due to individual charges. 


< V =V +V, +V, +:--+,4, 
] 
= ped Eiaa a p a 
ÁNEo tp ANEg Top 4ME Bp 
l In 
ATE 9 aP 
> Vhal Dy Hy Begg Bt) 
nE (np p Bp Yap 


l $ 4i 


> lv = 21 
| ÁTE » i=l fp j 
The net electrostatic potential at a point due to multiple 


charges is equal to the algebraic sum of the potentials due to 
individual charges at thar particular point. 


Mathematically, it is expressed as 


Vne z 3 V; 


i=l 


Important Results 


+i H 
e IER iaa, -a m are position vectors of the charges q, .dz,4+---» I | 
respectively, then electrostatic potential at point P whose 
position vector is rọ, would be f 
gl >. 9 
Ane, i=l lro = r| 


ə If we have to calculate electric potential due to a continuous 
charge distribution characterised by volume charge density 
p(r), we divide the entire volume into a large number of small 
volume elements each of volume AV. | 

pe 


Charge on each element = pA V. 

e For a uniformly charged conducting spherical shel!, the 
electric field outside the shell is as, if the entire charge ts 
concentrated at the centre. Thus, the potential outside the | 
shell is given by f 

V= A (-- r > RY} 
ARE r 

where, q is the total charge on the shell and R is its radius. The 

electric field inside the shell is zero. This implies that potential is | 

constant inside the shell (as no work is done in moving 4 charge 
inside the shell) and therefore equal to its value at the surface, 
which is 


OEE 


EXAMPLE |6| Two point charges of 4 uC and —2 uC are 
separated by a distance of 1 min air. Find the location of a 
point on the line joining the two charges, where the 
electric potential is zero. 
Sol. Let the electrostatic potential be zero at point P between 
the two charges separated by a distance x metre. 


4 pC p -2 uC 


At point P, Vp =V +V, =0 
=> AE eae ae 
AME, N AME h 
; -6 -2x10 ê 
1 Axion’ pale LRKD 9 
ATNEy x ane, (t~—x) 
4x107°  2x107° 
> So = rT 
x (l- x) 
Apo & 
= — = 
x (l-x) 
=> 2X1- x)= 
2 
=> 2=3x or cag 


+. Electrostatic potential is zero at a distance 2/3 m from 
charge 4pC between the two charges. 
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q, (+ r/R)= Q(r/R) 


2 > 4 tives 
EXAMPLE, [7] A charge Q is distributed over two Slinge g q, = OR +r) 
se J ‘ 
C hollow spheres of radii r and R (>r) such that which is the required charge. 


i ionally is 
common centre, Note The value of k is not needed, stating proportionally i 


Sol. Let qıandq, be the charges on them, sufficient. 


OSTATIC POTENTIAL 
DUE TO AN ELECTRIC DIPOLE 
Let us consider an electric dipole consisting of charges +4 


and — g separated by a distance 2a. 
The dipole moment |p| = 4 X 24. 


B(+9) Bae ee 
een ae age y id 
i ros | ee 
a Pee ot 
re Ne r? 6 Le a 
q2 R? G 2a o oF x he 
ie. charge on them is distributed in above ratio : nO a 
2 2 > 

or = and = F 

a aR? 92 RE | 
-. Potential at centre A hd o) 

V= Potential due to qı + Potential due to q, Electric potential at point P due to PEA 
os V= 1 ay l n Q(R+r) 
ANE r 4m€ R  4me,(r? +R?) Let O be the centre of the dipole, P be any point near the 


. electric dipole inclined at an angle @ as shown in the figure. 
EXAMPLE |[8|Two spherical metal shells with different Let P be the point at which electri ial j A 
radii r and R are far apart and connected by a thin oe apes o orential is required. 
conducting wire. A charge Qis placed on one of them. The Potential at P due to -q charge, V, =_—4 
charge redistributes so that same is on each sphere. How l ATE gr, 
much charge is on the sphere with radius r? 


Potential at P due to +q charge, V, = 7 
"  4NE€ or, 


. potential is related to work done by the field, 
ee Potential also follows the Superposition 
: 
Principle. Therefore, potential at P due to the dipole 
>» 


Sol. The electrical potential of a spherical shell with charge q 


and radius ris kq/r, where k =1/(47e,). 
Since, the shells are joined by a conductor the charge will Vp =V +V, = ee A ; 
distribute between them so that they attain the same , ~ me alr P ...(i) 
electrical potential. Now, by geometry, 2 l 
Let the charge on the sphere with radius r be q, and that -2 2 5 
on the another sphere qg. Then, equating the potentials Similar N Srta 2ar cos o 
ives g, /r = qpr İR. tmilarly, ran? > 
K r POOR i a ? Sr Fataar cos (180° ~9) 


igi r 2 = r? 2 
' The total charge equals the original charge, 2 +a 
Q=4 tar > qr=Q-q, 


~2arcos® [+ cos (180° 9) = — ¢956] 
By Eq. (i), qr = (2-4, (r/R) and rt er?] 14 4 20 


Electrostatic Potential and Capacitance 


a. 
Ifr>> a, — is small. 
r 


2 
Therefore, can be neglected. 
r 
2 2 
n =r (1+ t£ coso) 
r 
2 1/2 
> n=1( 14% coso) 
r 
1 1 2 -1/2 
or i(i coso) 
i'r r 
l l 2 -1/2 
Similarly, — =- ( sos o) 
iy. T r 


Putting these values in Eq. (i), we obtain 


1 l 
l 2 2 “3 
v= 1 (1-2 cose) "2 (147 cose] : 


4NE, r 


Using Binomial theorem, [(1+ x)” =1+nx,x<< 1] and 


eje snl 
retaining terms upto the first order in —, we set 
g 


Vp = 1 (1+ cos0)-(1-cos0)| 
ÁTE gr r r 


=f [1+ cos 1+ Z coso] 
ÁTE yr r r 


_ 4 y 
ÁTE yr r 


qX 2acos8 


40 or? 


[p =q X 2a] 


As, pcoosO=p.t 
where, f is a unit vector along the position vector OP = r. 
<. Electrostatic potential at point P due to a short dipole 


(a<<r) is given by | V = ee | 
ATE pr” 


The potential depends just not only on the position vector 
r, but also on the angle between the position vector r and the 
dipole moment P. The electric potential due to an electric 
dipole at point P varies inversely with square of r, i.e. the 
distance of point P from the centre of the dipole. 
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Electrostatic Potential due to 
Dipole on its Axis and Equatorial Plane 


On the dipole axis, 6=Corn 
Vas? 
4negr 
-——_ — ¢ ———__+ 
Q------+--- 4---------Ś- O ---------- --- Axis 
-q D +q P 


Positive sign for 0 = O° and negative sign for 0 = x. 


In the equatorial plane, 6 = 3 


cosô = cos% =0 


V=0 
P 


Sq B Axis 

k— 20 —— + q 
Thus, electrostatic potential at any point in the equatorial plane 
of dipole is zero. 
Differences between electric potential due to an electric dipole 
and due to a single charge are given as below: 

(i) The potential due to a dipole depends not just on r but 
also on the angle between the position vector r and dipole 
moment vector p. 

(ii) The electric potential due to dipole falls off at large 
distance as 1/r* not as 1/r , which is a characteristic of 


the potential due to single charge. 


EXAMPLE |9| An electric dipole consists of two charges 
of equal magnitude and opposite signs separated by a 
distance 2a as shown in figure. The dipole is along the 
X-axis and is centred at the origin. 


(i) Calculate the electric potential at point P. 
(ii) Calculate V at a point far from the dipole. 
Sol. (i) For the point P in figure, 
Veak, ylek, ( ae. 2 )- 3s 
rh xa 
(ii) If point Pis far from the dipole, such that x >> a, then 
a’ can be neglected in the terms, x? -a? and V 
becomes 
_ 2k, qa 


V [e x >> a] 


x 
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FQUIPOTEN TIAL SUREACES 
Sasi fale has same electrostatic potential at every point, 
N equipotential surface. For a single charge q, the 

Potential is given by v=) 
4ne, 
constant, if r is constant, Thus, 


q ee eet f 
—. This indicates that V is a 
P 


the equipotential surface for 
cal surfaces centred at the 
© equipotential surfaces can be drawn through, any 
- If all the points at same 

; : joined, then an equipotential 
surface is obtained. a 


The shape of equipotential surface due to a 
(i) line charge is cylindrical (ii) point charge is spherical. 
Different properties of equipotential surfaces are given as below: 

(i) Equipotential surfaces do not intersect each other as it 
Sives two directions of electric field at intersecting point 
which is not possible. 

(ii) Equipotential surfaces are closely spaced in the region of 
strong electric field and widely spaced in the region of 
weak electric field. 

(iii) For any charge configuration, 
through a point is normal to the electric field at that point 
and directed from one equipotential surface at higher 
potential to the other equipotential surface at lower 
potential. 

(iv) No work is required to move a test charge on an 
equipotential surface. 

(v) For a uniform electric field Æ, let along X-axis, the 
equipotential surfaces are normal to the X-axis, i.e. planes 
parallel to the ¥Z-plane. 


Equipotential Surfaces in Different Cases 


Case I The equipotential surfaces produced by a point 
charge or a spherically symmetrical charge 
distribution is a family of concentric spheres as 
shown below in the figure. 


_ _, Equipotential 


ae , A surfaces 
rd 
s A K. fer 
~ Pd , -1 l =- A ` 


Equipotential surfaces for a point charge 


equipotential surface 
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Case I1 The equipotential surfaces for a epee 
clectric field are as shown below in figure 


by dotted lines. 
Equipotential surfaces 


Equipotential surfaces for a uniform electric field 


Case III The equipotential surfaces due to two 
identical positive charges are as shown 


below 


Equipotential surfaces due to two positive charges 


Case IV The equipotential surfaces for an electric 
dipole are as shown below in the figure 
by dotted lines. l 


Equipotential 
surfaces ) 


Equipotential surfaces due to an electric dipole 


Electric field is always 


€quipotential surface and as a result, work done in 
moving a charge between two points on an 
equipotential surface is zero. 


Note This topic has been fre 
years 2014, 2013, 2011, 2010. 


Perpendicular to an 


quently asked in previous 


aa IPIE |10| Two charges 2uC and — 2 uC are 
at points Aand B 5 cm apart i 

. ` W ` t y 

€quipotential Surface of the aris me 


Sol. Equi i E 
“Auipotential surface means the surface where 
potential remains same at each point 


Here, this is th 
charges, ® System of two equal and opposite 


2uCc 


=2 uC 
Air. e ee 
c B 


r 6 Gt 


Electrostatic Potential and Capacitance 


The potential at C (mid-point of AB), 
V= 1 qı + 92 


AMEN 
__1_| 2x107* | (-2x10"°) ee 
ARE | 25X10? 25x10? 


Thus, potential is zero at each point on the line which 
passes through the mid-point of AB and perpendicular _ 
to it. So, a plane passing through the mid-point C of AB 
is an equipotential surface. 
? 
! 
2.5 cm H 25cm 


A C B 


Relation between Electric Field and 
Electric Potential 


Let us consider a positive test charge (g)) moves a distance 
(ds) from one equipotential surface to another.The 
displacement (ds) makes an angle (8) with the direction of 
the electric field (E). 


Suppose a positive test charge (qo) moves through a 
differential displacement ds from one equipotential surface 
to the adjacent surface. 


We know that the work done by the electric field on the test 
charge during its movement is — gy dV. We see that the 
work done by the electric field may also be written as the 


scalar product (qE -ds) or qg£ cos 0 ds: 


Two equipotential surfaces 


Displacement of charge between 
two equipotential surfaces 


Equating these two expressions for the work yields 


—qydV =qoE cosO ds’ 


dV 
=> 0 = - — 
E cos 


Since, E.cos0 is the component of E in the direction of ds, : 


therefore 
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where E, E, and E; are the x, y and z-components of E 
at any point, then 


E=E,i+E,j+E,k 


OV dV ðV 
ES-a Onay a 
OV; V, dV 
iia Lrs =e le 
- aes de | 


For the simple situation in which the electric field E is 


uniform. 
AV 
Z See | 
As 


Negative sign shows that the direction of electric field E in 
the direction of decreasing potential. 


Since, AV is negative, then AV =—|AV| 


We can rewrite this equation as given below 


[AV] 
|Ej=-2 an 
As As 
Further, the magnitude of an electric field is given by 
change in magnitude of potential per unit displacement 


normal- to the equipotential surface at the point. This is 
called potential gradient, i.e. 


dV] TER 
|E|=- = — (Potential gradient) | 
di ania 
We thus arrive at two important conclusions concerning 
the relation between electric field and potential which are as 
given below 


(i) Electric field is in the direction in which the porential 
decreases steepest. 


(ii) Its magnitude is given by .the change in the 
magnitude of potential per unit displacement normal 
to the equipotential surface at the point. 


EXAMPLE |11] A small particle carrying a negative 
charge of 1.6 x 10°’ Cis suspended in equilibrium between 
the horizontal metal plates 5 cm apart, having a potential 
difference of 3000 V across them. Find the mass of the 
particle. 


Sol. Here, q=-1.6x107" C, 


dr =5cm=5Xx10°m 
and dV =3000V 


E =- = SF = -6x10! Vm7 
ðr 5x10" . 
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As, the charged particle remains suspended in 
equilibrium, therefore 


F = me = qE 
male = (-1.6x107'°)x(- 6x10") 
g 9.8 
=9.8x10"" kg 


EXAMPLE |12| The electric potential in a region is 
Tepresented as 

V=2x+3y-z. 
Obtain expression for electric field strength. 


OV: Va OV 
Sol As, E=-/—i+—— a 
E ta oe J 
Here, LAEE E N TE 
x àx 
V ð 
—=— (2x +3y-z)=3 
=a ial y-z) 
and = Sar t3y-2)=-1 


<. Electric field, E=-2i-3j +k 


EXAMPLE |13] In uniform electric field, E = 10 NC™ as 
shown in figure. : 
A E 


2m 2m 


Find 
(i) V4 -Vp (ii) Va -Ve 
Sol. Since, electric field is directed from higher electric 
potential to lower electric potential, 
(i) Thus, Va > V, so V, — Vp will be negative. 
Further, d,, = 2 cos 60° =1 m 
V,- V=- Ed, =(-10)(1)=-10V 
(ii) As, Vp > Vc, 80 Vp — Vo will be positive. 
Further, dpc = 2.0m 
Š Vp — Vo = (10) (2)= 20 V 


ELECTROSTATIC POTENTIAL 
ENERGY OF A SYSTEM 
OF CHARGES 


Electrostatic potential energy of a system of point charges is 
defined as the toral amount of work done in bringing the 
different charges to their respective positions from infinitely 
large mutual separations. 
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Electrostatic Potential Energy 
of a System of Two Point Charges 


Consider two point charges g, and q, lying at points A ang 
B whose locations are r) and r}, respectively.To find the 
electric potential energy of these two charges system, we 
must mentally build the system starting with both charge, 
infinitely far away and at rest. First, the charge gis brough, 
from infinity to the point r,. There is no external fielg 
against which work needs to be done, so work done jp, 
bringing q, from infinity to 7, is zero. Vis potential thar ha; 
been set up by g, at the point B, where g, is to be placed. 


Y, > 


De i 
4NEy TAB 


where, r4g is the distance between points A and B. 


By definition, work done in carrying charge g, from œ to B 
is 


W = Potential x Charge = pais 
4MEy rap ` 
= 1 21 92 


This work is stored in the system of two point charges 4 
and q, in the form of electrostatic potential energy U of the 
system. 


Thus, l ‘ Jı 92 


U=W = 


Electrostatic potential energy is a scalar quantity. In the 
above formula, the values of g, and q must be with proper 
signs. If q,,q,>0, then potential energy is positive. lt 
means that two charges are of same sign, i.e. they repel each 
other. Then, in bringing closer, work is done against the 
force of repulsion, so that the electrostatic potential energy 
of the system increases. 


Conversely, in separating them, work is obtained from thè 
system, so the potential energy of the system decreases. 


If g, > 0,4, <0, potential energy is negative. It means tha! 
two charges are of opposite sign, i.e. they attract each other. In 
this case, potential energy of the system decreases in bringing 
them closer and increases in separating them further. 


Electrostatic Potential and Capacitance 


EXAMPLE |14| Ina hydrogen atom, the electron and 
proton are bound at a distance of about 0.53 A: 

(i) Estimate the potential energy of the system in eV, 
taking the zero of the potential energy at infinite 
separation of the electron from proton. 

(ii) What is the minimum work required to free the 
electron, given that its kinetic energy in the orbit is 
half the magnitude of potential energy obtained in (i)? 

(iii) What are the answers to (i) and (ii) above, if the zero of 
potential energy is taken at 1.06 A separation? NCERT 


| Hints: The potential energy of any object at any point is equal | 
_ to the difference in its potential energy at infinity and at that 
point. Work done is equal to the total energy of the system. 


Sol. Charge on electron, q, =—1.6x 10° "° C and charge on 
proton, q, = 1.6x 107" C 


+ _ = 0.53 Å — 


-1.6 x10 "°C 1.6x10"°C 
e—a 
e p 


(i) Potential energy of the system 
= Potential energy at infinity 
~ Potential energy at a distance of 0.53 A 


+0- 440 

ANE r 
J: 9 2X10" x (-1.6)x 10° x 1.6x 10°" 

0.53x 107" . A 
=-43.47x 10" J [t1 eV= 46x10” J] 
-19 

=- BAK =~ 27:16 eV 

1.6x 10 


(ii) The kinetic energy =- ; x Potential energy 


ce =x (-27.16) =13.58 eV 


Total energy = KE + PE=13.58 - 27.16 = -13,58 eV 
Thus, the minimum work done required to free the 
electron is 13.58 eV. 
(iii) Potential energy at separation of 1.06 A 
aul Ae 
ARE, 1.06% 10° 
_ -9x10" x(~1.6) x10” x 1,6x10"” 


1.06 x107"” 
= -21.73 x10" J 
-19 
__ 21.7310 13.58 eV 


1.6 x10" 


Thus, the potential energy of the system at 1.06 A 

= PE at distance 1.06 A - PE at distance 0.53 A 

=- 13.58 - (- 27.16) = 13.58 eV 
Thus, on shifting the zero of potential energy, work 
required to free electron remains same and it is equal 
to 13.58 eV. 
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Electrostatic Potential Energy of a 
System of Three Point Charges 


Let us now consider a system of three point charges 4, , 92 
and q; having position vectors r, r, and r3, respectively as 
from origin. 
ta q2 
q3 


LEE) 12 


qı 
Three point charges system 
To bring q, first from infinity to position 7,-no work is 
required because we bring charge g, from infinity to a 
particular location where potential is zero. 
Therefore, W, =0 


The work done in bringing q, from infinity to position r, is 
given by W, =42V, (r3) 


1 49192 


— o mm 


4NEy 12 


Charges gj and q, produce a potential which at any point P 
is given by 


1 2 
aS ne 
 4TEg (i T3 
Work done in bringing q3 from infinity to position 7; is g, 
times V} 3 at 7, 


W; =q; Vi, 2 (5) 
1 {193 +f) 


2 4ne 0 n3 Try 
The total work done in assembling the charges at the 
given locations (equal to the potential energy of the 


system) is obtained by adding the work done in different 
steps. 


U=W,+W,+W, 
l ah, l [eeen] 


"3 V3 


u [ites «Se 


"2 r3 


V2 


Due to the conservative nature of electrostatic force, the 
value of U is independent of the manner. in which the 
configuration is assembled. 


If we write the distance |r, — r;| as rj, the above equation 
may be expressed as for system of n point charges system. 


1 


Electrostatic potential energy of a system of N point charges 
is equal to the total amount of work done in assembling all 
the charges at the given positions from infinity. 


Poot |S Soy 
Ane ijan 
j#1 
N 1 
where, V, = > Bid 
J=147E 4 rj 
ji 


= Potential at r; due to all other charges 


The SI unit of electrostatic potential energy is joule (J). 
Another convenient unit of energy is electron volt (eV), 


l eV =1.6x 10C x1 V =1.6~x 1077 J 


EXAMPLE |15| Three charges (all g = 10C ) are placed 
at the edge of an equilateral triangle of side 2 m. Find the 
net potential energy of the system. 
Sol Given, charge, g =10C (q, =q, =q) 
Each side of equilateral triangle,r = 2m 
Potential energy (PE) =? N 
Potential energy between two charges is given by 


PE= Kaige [r = distance between q, and q,] 
r 
<- PE of system will be three times the potential energy 
between the two charges as the equal charge is placed at 
the vertices of equilateral triangle. 
2 9 

So, PE, = 3*kqq _ 3kq — 3X9%10" x10 x10 

r r 2 

=135 x10" J 


EXAMPLE |16| Three point charges q, 2q and 8q are to 
be placed on a9 cm long straight line. Find the positions 
where the charges should be placed such that the 
potential energy of this system is minimum. In this 
situation, what is the electric field at the position of the 
charge q due to the other two charges ? 
Sol. Consider the given situation as shown in figure, 
2q q 8q 


+——— x—+— 9 - x ——_— >» 
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For potential energy to be minimum the bigger charges 
should be farthest, Let x be the distance of q from 2q. 
Then potential energy of the system shown in figure 


would be 
y = K| CQA) ; 84X4) , (24X80) 
x (9- x) 9 
Here, = mes 
4ne, 
For Uto be minimum 2 + 5 Š should be minimum. 
x -x 
Bil. 28 | 29 
dx|x 9-x 
5 —2 8 
a (9 x)? 
x 1 
> =— 
Rx 2 
or x=3cm 


i.e. distance of charge q from 2q should be 3 cm. 
<. Electric field at q, 


p=—K(2q)__ __—K(8q) is 
(3x10°)? (6x107)? 


EXAMPLE |17| If one of the two electrons of H, 
molecule is removed, we get a hydrogen molecular ion H; 
In the ground state of an Hz, the two protons are 


separated by roughly 1.5 Aand the electron is roughly 1 A 
from each proton. Determine the potential energy of the 


system. Specify your choice of the zero of potential 
energy. 


NCERT 
Sol. Let there are two Protons p, and p, with an electron e. 
S 
1A NAIA 
tay ONS 
Pd nN `% 
Pi 1.5Å P2 


Distance between two protons is given by 
h=15A=15x107 m 


Distance between proton p, and electron e is given by 
n=1Å =1x10" m 


Distance between proton Pz and electron e is given by 
m= 1A=1x10 m 


The total potential energy of the system, 


e Sefa Sef tat] a 
ANE, ñ j h n 


Given, dp,= Ip, =16x10°°C 
and gq, =-16x10""C 


Electrostatic Potential and Capacitance 


Putting these values in Eq. (i), we get 


U = 9x 10° 26% 107° x 1.6x 107! 
1.5x 107° 


06x 107!) x (-1.6x 10°”) 


107° , 
„16x 107!” x (-1.6x a 
107? 

_9x10°x1.6Xx1.6x10 *[ 1 
E 10° [5-1 
=-30.72x 10" J 

-30.72 x107 ” 
=—————_ eV = -19.2 eV 

1.6 X10 


Here, we use that potential energy at infinity is zero. 


POTENTIAL ENERGY IN AN 
EXTERNAL FIELD 


A single charge or a system of charges possess electrostatic 
potential energy in the presence of an external electric field, 
these are discussed as follows. 


Potential Energy of a Single 

Charge in External Field 

Potential energy of a single charge q at a point with position 
vector r in an external field =g-V(r), where V(r) is the 


potential at the point due to external electric field E. 


Potential Energy of a System of Two 
Charges in an External Field 


For a system of two charges q) and g3, the potential energy 
is given as, 


9192 
=q, V (n)+g: V (4) 4 
U =q,- V (n)+q:'V (r) ATE or 
where, q}, g, = two point charges at position 
vectors rjand ry, respectively 
V (r,) = potential at r) due to the external field 


and  V(r,)= potential at r, due to the external field. 


Potential Energy of a 
Dipole in an External Field 


Consider a dipole with charges +q and -q placed in a 
uniform external electric field as shown in the figure. In a 
uniform electric field, the dipole experiences no force, but 
experiences a torque T given by T= p X E.This torque will 
tend to rotate the dipole. Suppose an external torque T,,, is 
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applied to the dipole so that it rotates from angle 8, to 8, 
with respect to the electric field (E). 


Dipole in a uniform external field 


The amount of work done by the external torque is given by 
82 82 5 
W = Jo, Te, 0 d0 = Jo, pE sin dO 
= pE |- cos Əla; 


= pE (cos®, —cos8,) 
The work done W is stored as the potential energy of the 


system. Therefore, the potential energy of the dipole placed 
in external field E is given by 


U (0) = pE (cos, —cos8,) 


Ww 


&W Particular Cases 


(i) When the dipole is initially aligned along the electric field, 
i.e. 8, = 0° and we have to set it at angle 8 with E, i.e. 
- 0, =8. 


W = -pE(cosé - cos0°) 
= —pE(cos@ - 1) 


This work done is stored in the dipole in the form of 
potential energy. 


(ii) When the dipole is initially at right angle to E, i.e, = 90° 
and we have to set it at angle 8 with E, i.e.8, = 8. 


W = -pE£(cos@-cos90°) 


= -pEcosd è 
‘s Potential energy of dipole, U = W = -pE cos® 
U=-pe 


Obviously, potential energy of an electric dipole is a scalar 
quantity, It is measured in joule. 


Important Results 
Some important results related to electric dipole are as given 
below 
(i) Electric potential at any point on the bisector of dipole is 
zero. 
(ii) A dipole experiences a net force In a non-uniform electric 
field. 
(iii) A dipole experiences maximum torque at the position 
where potential energy is zero. 
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EXAMPLE 118] An electric dipole of length 4 cm, when 
placed with its axis making an angle of 60° with a uniform 
electric field, experiences a torque of 4/3 N-m. Calculate 
the potential energy of the dipole, if it has charge + 8 nC. 
Delhi 2014 
Sol Given, length, 2a =4cm =4x 107 m 
Angle, @ = 60° 
torque T= 43 N-m 
Charge, Q = 8x107 °C 
We know that, t= Q(2a) E sin 8 
T 
Q(2a) sind 
x 4v3 
8 x10°°x 4 x107? x sin60° 
<- Potential energy, U = — pE cos 0 
=-—Q(2a) E cos 0 
=-8 X10 x4 x10 x 


43 x cos 60° 
E 10° x 4x 10°? x sin = 

~4V3 
v3 


EXAMPLE |19| A point charge q is fixed’at origin. A 
dipole with a dipole moment p is placed along the X-axis 
far away from the origin with p pointing along positive 
X-axis. Find 

(i) the kinetic energy of the dipole when it reaches a 

distance d from the origin. 
(ii) the force experienced by the charge q at this moment. 
Delhi 2003 


Sol. (i) Applying energy conservation principle, increase in 
kinetic energy of the dipole = decrease in electrostatic 
potential energy of the dipole. 
<- Kinetic energy of dipole at distance d from origin 

=U,-U, =0-(-p-E)=p-E 


= (oh) ($i) = 2 


= Electric field, E = 


N/C 


4ne,d? ) 4ne,d? 
(ii) Electric field at origin due to the dipole, 
“ti E ExigT Tp) 
TE, 
<. Force on charge q, 
F=gE = Pa _j 


2n€,d? 
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| TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


1. Which of the following is not a unit of 
electrostatic potential? 
(a) Volt 
(b) Joule/coulomb 
(c) Newton / Coulomb 
(d) Newton - metre / Coulomb 


2. Work done by an external force in bringing a 

unit positive charge from infinity to a point is 

(a) equal to the electrostatic potential (V) at that 
point > 

(b) equal to the negative of work done by 
electrostatic forces 

(c) Both (a) and (b) 

(d) Neither (a) nor (b) 


3.“ To find the value of potential at a point, the 

: external force at every point of the path is to be 
equal and opposite to the 
(a) work done 
(b) electrostatic force on the test charge at that point 
(c) Both (a) and (b) 
(d) Neither (a) nor (b) 


4. If electrostatic potential at the surface of a 
sphere of 5 cm radius is 50 V, then the potential 
at the centre of sphere will be 
(a) 10 V (b) 50 V 
(c) 250 V (d) zero 


5. The electrostatic potential of a uniformly 
charged thin spherical shell of charge Q and 
radius R at a distance r from the centre is 


Q 


(a) for points outside and for points 
AME gr ARE, 
inside the shell 

(b) Q for both points inside and outside the shell 
AME gr 


for points inside the 


(c) zero for points outside and Q 
ANE gr 
shell 
(d) zero for both points inside and outside the shell 


Electrostatic Potential and Capacitance 


6. 


9. 


A positively charged particle is released from 

rest in an uniform electric field. The electric 

potential energy of the charge NCERT Exemplar 

(a) remains a constant because the electric field is 
uniform 

(b) increases because the charge moves along the 
electric field 


(c) decreases because the charge moves along the 
electric field 


-(d) decreases because the charge moves opposite to 


the electric field 


Figure shows some equipotential lines 

distributed in space. A charged object is moved 

from point A to point B. NCERT Exemplar 

(a) The work done in Fig. (i) is the greatest 

(b) The work done in Fig. (ii) is least 

(c) The work done is the same in Fig. (i), Fig.(ii) and 
Fig. (iii) 

(d) The work done in Fig. (iii) is greater than Fig. (ii) 
but equal to that in 


20V 40V 30V 

3 1 ' 1 I FE poy I t B | ' I 
1 J [i 1 I li 1 1 ' { tt [i 1 
' Li ‘ 1 Li A | ! 1 y ‘ tt i] 1 
‘ i [i ' ' it 1 ! ' 1 [E ' 1 
I [i I ' t Ii 1 i] ‘ 1 E [i l 
iAe t eBt Ale t eB [ Aet eB i 
I ' + ' ' a | I ' ‘| I LERI 1 i] 
' I ' [] ‘ | t ' [i [i tt [i [i 
i i i i ' Ii i] ' ' i it L] ' 
' ‘ i t 1 wt 1 i i] 1 KJ [i ' 
tobe ioi hob dat i ity ot i 
1 ' t 14 I 

10v20v30v40v50v 10V 30v 50v 10V 20V 40V SOV 
Fig. (i) Fig. (ii) Fig. (iii) 


Equipotentials at a great distance froma 
collection of charges whose total sum is not 
zero are approximately 

(a) spheres (b) planes 

(c) paraboloids (d) ellipsoids 


Two similar positive point charges each of 1C 
have been kept in air at Im distance from each 
other. What will be the potential energy? 

(a) 1J (b) 1 eV 

(c)9x10°* J (d) 0 


VERY SHORT ANSWER Type Questions 


10. 


ii. 


A point charge + Q is placed at point O as shown 
in the figure. Is the potential difference (Va -Vp) 


positive, negative or zero? 
Delhi 2016, Foreign 2016, Delhi 2011 


Is electrostatic potential necessarily zero at a 
point, where electric field strength is zero? 
Illustrate your answer. Delhi 2010 


12. 


13. 


14. 


15. 


16. 
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The potential due to a dipole at any point on its 
axial line is zero. Correct or Wrong? 
All India 2009C 


A charge q is moved from a point A above a 
dipole of dipole moment p to a point B below 
the dipole in equatorial plane without 
acceleration. Find the work done in this 
process. All India 2016 


-------)> 


l 
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Why are electric field lines perpendicular at a 
point on an equipotential surface of a 
conductor? All India 2016, 2015C 


Define the term potential energy for charge q at 
a distance rr in an external field. All India 2009 


For a uniform electric field given as shown 


below, at what point will the electric potential 


be maximum? 
Ae *B 
“Cc 


SHORT ANSWER Type Questions 


17. 


21. 


Draw a plot showing the variation of 
(i) electric field (E) and (ii) electric potential (V) 
with distance rdue to a point charge Q. 


What is the geometrical shape of equipotential 
surface due to a single isolated charge? Delhi 2013 


Can two equipotential surface intersect each 
other? Justify your answer, Delhi 2011 


Give the equipotential surface at a great 
distance from a collection of charges whose 
total sum is not zero. 


Two point charges 3pC and -3pC are placed at 
points Aand B, 5 cm apart. 
(i) Draw the equipotential surfaces of the 
system. 
(ii) Why do equipotential surfaces get close to 
each other near the point charge? 
All India 2011 
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22. 


24 


Two uniformly large parallel thin plates having 
charge densities + 6 and -o arc kept in the 
NZ-plane at a distance d apart. Sketch an 
equipotential surface due to electric field 
between the plates. If a particle of mass mand 
charge - q remains stationary between the 
plates. What is the magnitude and direction of 
this field? Delhi 2011 


` Find out the expression for the potential energy 
of a system of three charges q,, q, and q3 
located atr,, r, and r, With respect to the 
common origin O. Delhi 2010 


` Two point charges q, and qz are located at r, and 


T>, respectively in an external electric field E. 
Obtain the expression for the total work done 
in assembling this configuration. Delhi 2014C 


* Adipole with its charges, - q and +q, located at 
the points (0, - b, 0) and (0, +b, 0) is present ina 
uniform electric field E. The equipotential 
surfaces of this field are planes parallel to the 
YZ- planes. 

(i) What is the direction of the electric field E? 


(ii) How much torque would the dipole 
experience in this field? Delhi 2010 


* Ifa point charge +q is taken from Ato C and 


27. 


then from C to B, points Aand B lying ona 
circle drawn with another charge +q at its 
centre, then along which path more work will 
be done? 


Do free electrons travel to region of higher 
potential or lower potential? NCERT Exemplar 


Prove that a closed equipotential surface with 
no charge within itself, must enclose an 
equipotential value. 


LONG ANSWER Type I Questions 


29. 


30. 


A cube of side b has a charge q at each of its 
vertices. Determine the potential and electric 
field due to this charge array at the centre of 
the cube. NCERT 


(i) Derive the expression for the electric 
potential due to an electric dipole at a point 
on its axial line. 


(ii) Depict the equipotential surfaces due to an 
electric dipole. Delhi 2017 


314. 


32. 


33. 


34. 


35. 
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Give the simplified expression for the followin 

and draw the graph for variation of potential 

with distance. 

(i) Electrostatic potential due to a point charge 
q at a distance r from it. 


(ii) General expression for electric potential due 
to a dipole. 


Given figure shows a charge array known as an 
electric quadrupole. For a point on the axis of 
the quadrupole, obtain the dependence of 
potential on rfor r/a>>1 and contrast your 
results with that due to an electric dipole and 
an electric monopole (i.e. a single charge). 


Aa B- a © 
o——____09 _______9 ------- -MMMM 


q -4-4 q 
— r — NCERT 


Define an equipotential surface. Draw 
equipotential surfaces 


(i) in case of a single point charge 
(ii) in a constant electric field in Z-direction. 


Why the equipotential surfaces about a 
single charge are not equidistant? 


(iii) Can electric field exist tangential to an 
equipotential surface? Give reason. 


All India 2016 


Three charges ~ q, + Q and - q are placed at 
equal distance on straight line. If the potential 


energy of the system of the three charges is 
zero, then what is the ratio of Q:q? 


Four point charges Q, q, Qand q are placed at 


the corners of a square of side a as shown in 
figure. 


Q q 


q ii Q 
Find the 
(a) resultant electric force ona charge Qand 
(b) potential energy of this system. CBSE 2018 


Or 


(a) Three point charges q,- 4q and 2q are 
placed at the vertices of an equilateral 


triangle ABC of side / as shown in the figure. 


Electrostatic Potential and Capacitance 


Obtain the expression for the magnitude of 
the resultant electric force acting on the 
charge q. 


A 
q 


-4q B rahi 
(b) Find out the amount of the work done to 
separate the charges at infinite distance. 
CBSE 2018 


LONG ANSWER Type II Questions 


36. Three concentric metal shells A, B and C of 
radius a, b and c (a < b < c) have surface charge 
densities +6, - o and +6 , respectively. 

(i) Find the potential of three shells at A, B 
and C. 
(ii) If the shells A and C are at the same 


potential, obtain the relation between the 
radii a, b and c. 


37. 


Two metal spheres, one of radius R and the 
other of radius 2R, both have same surface 
charge density o. They are brought in contact 
and separated. What will be new surface charge 
densities on them? NCERT Exemplar 


38. (a) Use Gauss’ law to derive the expression for 
the electric field (E) due to a straight 
uniformly charged infinite line of charge 
density 4 C/m. 


(b) Draw a graph to show the variation of E with 
perpendicular distance r from the line of 
charge. . 

(c) Find the work done in bringing a charge q 
from perpendicular distance r to r,(r, > r). 

CBSE 2018 


NUMERICAL PROBLEMS 


39. What is the work done in moving a 24C point 


charge from corner A to corner B of a square 
ABCD, when a10 pC charge exists at the centre 
of the square? 


24C B 


40. 


4. 


42. 


43. 


44. 


45. 


46. 


47. 
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The electric potential at 0.1 m from a point 
charge is + 50 V. What is the magnitude and sign 
of the charge? All India 2011 


Two charges 5x 1078 C and- 3x10 ° Care 
located 16 cm apart. At what point (s) on the line 
joining the two charges is the electric potential 
zero? Take the potential at infinity to be zero. 
NCERT 


A regular hexagon of side 10 cm has a charge 
5uC at each of its vertices. Calculate the 
potential at the centre of the hexagon. 

NCERT 
A charge of 8 mC is located at the origin. 
Calculate the work done in taking a small 
charge of -2x10°°C from a point P (0, 0, 3) (in 
cm) to a point Q (0, 4, 0) (in cm), via a point 
R (0, 6, 9) (in cm). NCERT 
The circular arc is shown in the figure given 
below, has a uniform charge per unit length of 


1x10-°C/m. Find the potential at the centre O of 
the arc. 


{\o 


2m 
A small particle carrying a negative charge of 
1.6 x 10°? C is suspended in equilibrium 
between the horizontal metal plates 10 cm 
apart, having a potential difference of 4000 V 
across them, find the mass of the particle. 


An infinite plane sheet of charge density 

10° §C/m? is held in air. In this situation, how . 
far apart are two equipotential surfaces whose 
potential difference is 5 V? 


A test charge q is moved without acceleration 


from AtoC along the path from Ato B and then 
from B toC in electric field E as shown in the 
figure. 


Aree n8 
a es a 
Semn, 13cm 
SNS | 
SE e 


(i) Calculate the potential difference between A 
and C. 
(ii) At which point (of the two) is the electric 
potential more and why? All India 2012 
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48. 


Two identical plane 

metallic surfaces 4 and B 

are kept parallel to each 

other in air, separated by a 

distance of 1 cm, surface A 

is given a positive 

potential of 10 V and the 

outer surface of B is earthed. 

(i) What is the magnitude and direction of the 

electric field between the points Y and Z?: 

(ii) What is the work done in moving a charge of 
20 uC from point Y to point Z ? 


| HINTS AND SOLUTIONS | 


L (c) From definition of potential, 


al 


gz w ar 76 
q 
Here, unit of force is newton, unit of distance (d) is 
metre and unit of chage (q) is coulomb. 
Joule N-m 
-~ or ——.. 
Coulomb C 


(a) Considering potential to be zero at infinity. Work 
done by an external force in bringing a unit positive 
charge from infinity to a point without acceleration 
= Electrostatic potential ( V) at that point 


volt 


Unit of potential is 


- (b) The external force at every point of the path is to be 


equal and opposite to the electrostatic force on the test 
charge at that point. 

(b) Potential inside a conductor is same at all the points 
and is equal to the potential at its surface, So, potential 
at the centre of sphere will also be 50 V. 


(a) If charge ona conducting sphere of radius R is Q, 


then potential outside the sphere. ' 


4me, r 
At the surface of sphere, 


V eE 


= V. 
1 4ne, R inside 


. (c) The positively charged particle experiences 


electrostatic force along the directi 
i.e., from high electrostatic potenti 
potential. Thus, the work is done 
the positive charge, hence electro 
of the positive charge decreases, 


(c) The work done by a electrostatic forceis given by 
W,2 = q(V, — V,). Here initial and final potentials are 
same in all three cases and same charge is moved, so 
work done is same in all three cases. 


on of electric field 

al to low electrostatic 
by the electric field on 
static potential energy 
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8. (a) In this problem, the collection of charges, whose toa 


10. 


11 


` 


12. 


13. 


sum is not zero, with regard to great distance le 
considered as a point charge. The eqüipotentia s due to 
point charge are spherical in shape as electric potential 
due to point charge q is given by 


V=k, q 
4 


This suggest that electric potentials due to point charge 


is same for all equidistant points. The locus of these 
equidistant points, which are at same potential, form 
spherical surface. 


(c) Electric potential energy of the system, 


U= 1 42 
ANE r 
Here, q; =q, =14C 
=1X10€C, 
r=1 mand 
4T€, 


=9 x10" N-m7/C? 
y = 2X10" x1 x10 x1 x10 
1 


=9x10, 7] 


According to question, n>N 
+Q e——_______,.____ - 
(0) 


Potential at point A due to charge +Q,(V,) = £o 


n 
$ ; : kQ 
Potential at point B due to charge +Q, (V,) = —~ 
r- 
1 
As Vie — 
"i 
and r ' l 
an Va = — and n> A 
l 
sO, Va > Va 


Thus, (V4 — Vp) is positive, 
No, it is not necessary because 
inside a hollow charged sphe 


potential at the point is same 
shell. 


electric field strength 
rical shell is zero but 
as that on the surface of 


Wrong, the potential due to a dipole at any point on 
equatorial line is zero, not on axial line. 


As, Aand Bare 


points on the equitorial plane of dipole 
Vv, = Vs =0 i 


Net potential = Va +V =0 


Work done W = £ AsV =0,W =0 
q 


So, the work done by the process will be zero. 


Electrostatic Potential and Capacitance 


14. Electric field is always normal to the equipotential 
surface at every point, because no work is done, as 
W =4,(V, - Vn) 
=> Va = Va =0 
hence W=0. 


If the field were not normal to the equipotential surface, 
it would have a non-zero component along the surface. 


So, to move a test charge against this component, a 
work would have to be done. 


15. The electric potential energy at any point lying ata 
distance r from the source charge q is equal to the 
amount of work done in moving unit positive test 
charge from infinity to that point without any 
acceleration against electrostatic force. 


16. Potential is maximum at A as potential decreases in the 
direction of field or we can say that V} > Vp = Vp. 


17. Refer to graph on page 64. 
18. Refer to text on page 68 (case I). 


19. Equipotential surfaces do not intersect each other as it 
gives two directions of electric field at intersecting point 
which is not possible. 

20. As, the collection of charges at a great distance, so it has 
spherical equipotential surface. 


21. (i) Equipotential surfaces of the system (dipole), 


Equipotential 


/ surfaces 


(ii) Equipotential surfaces get closer to each other near 
the point charges as strong electric field is produced 


there. 

m = Av 

i Ar 

=> E œ il 
Ar 


[for a given equipotential surface] 
where, small Ar represents strong electric field and 
vice-versa, 

22. Here, -q charge experiences force in a direction 
opposite to the direction of electric field. 
+0 


Vertical -q 
downward 
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-q charge balances, when 
ql = mg 
. om 
= B= 78 
q 
The direction of electric field is along vertically 
downward direction. 
Note The XZ-plane is so chosen that the direction of electric field 
due to two plates is along vertically downward direction, otherwise 
weight (mg) of charged particle could not be balanced 
The sketch of equipotential surface due to electric field 
between the plates is shown in figure below. 


Equipotential 
surface — 


Z E (Vertically downward) 


23. Refer to text on page 71. 

24. Refer to text on page 73. 

25. (i) The direction of electric field is perpendicular to their 
equipotential surface. So, the direction of electric field 
is along X-axis as its length should be perpendicular 
to equipotential surface lying in YZ-plane. 

(ii) Length of the dipole = 2b 


As dipole’s axis is along the Y-axis. . 
Electric dipole moment, p = q(2b)j 
and electric field, E= Ei 
T= pXE =q(2b)j x Ei 
= + 2gbE (jx i) 
= 2qbE (-k) 
Torque, |t| = 2qbE 
26. Consider the situation as shown in figure. 


Work done for the path AC 
Wac EF q(V- ~ Va) 
Similarly, Woy = +q(Vp + Ve) 
e Va = Vp 
Wael =lWeul 

27. The free electrons experience electrostatic force in a 
direction opposite to the direction of electric field, being 
of negative charge. The electric Held is always directed 
from higher potential to lower potential. 
Therefore, electrostatic force and hence, direction of 
travelling of electrons is trom lower potential to the 
region of higher potential. 


8O 


28. | Hints: In this problem, we need to know that the 
| electric field intensity E and electric potential V are 


| relatedas =f = _ Z and the field lines are always 
F 

| perpendicular from one equipotential surface 

| maintained at high electrostatic potential to other 

| equipotential surface maintained at a low 

| electrostatic potential. 


Let's assume contradicting statement that the potential 
is not same inside the closed equipotential surface. Let 
the potential just inside the surface be different to that 


dr 
Consequently, electric field comes into existence, which 


on the surface having a potential gradient () 


is given by, E =— ul 
dr 

Consequently, field lines point inwards or outwards 
from the surface. These lines cannot be formed on the 
surface, as the surface is equipotential. It is possible only 
when the other end of the field lines are originated from 
the charges inside. This contradicts the original 
assumption. Hence, the entire volume inside must be 
equipotential. 

29. Consider a cube of side b and its centre be O. The charge 
q is placed at each of the corners. 
Side of the cube = b 


Length of the main diagonal of the cube 


= o/b? + b? + b? = V3b 


Distance of centre O from each of the vertices is 


r= = sali) 


i 1 
Potential at point O due to one charge, V = —. 4 
4me, r 


Potential at point O due to all charges placed at the 
vertices of the cube, 


8xixqg 8q X 2 
V’ =8V = ——__{= from Eq. (i 
4N€ or Ane, -bV3 | i) 
_ 4q ‘ 
V3ne€,b 


The electric field due to one vertex is balanced by the 
electric field due to the opposite vertex because all 
charges are positive in nature. Thus, the resultant 
electric field at the centre O of the cube is zero, 
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30. (i) Refer to text on page 67. 
(ii) Refer to text on page 68 (Case IV). 
31. Refer text on page 64 for the graph. 
(i) Refer to text on pages 63 and 64. 
(ii) Refer to text on pages 66 and 67. 
32. Given, AC = 2a, BP=r 
AP=r+aand PC =r—a 


A at ie: ip 
q -9-q -q 


The potential at P is V. 
V = Potential at P due to A + Potential at P due to B 
+ Potential at P due to C 


-i-a 
4ne, LAP BP CP 
1 1 2 1 
= -q - —+——_ 
ANE, lata r = 
q_|r(r—a)— 2(r+a)(r—a)+r(r+a) 
r(r+a)(r—a) 


q |r? -ra-2r?+ 2a +r’ +ra 
— SS 
r(r2—a?) 


According to the question, 


2 
If->> 1, a< < r. Therefore, V = paN 
a ATE, r? 
Vi = 
z 
As, we know that electric potential at a point on axial 
line due to an electric dipole is 


V œ S 
r? 

1 

~ 

Then, we conclude that for larger r, the electric potential 

due to a quadrupole is inversely proportional to the cube 

of the distance r, while due to an electric dipole, it is 

inversely proportional to the square of rand inversely 


Proportional to the distance r for a monopole. 
33. (i) Refer to text on page 68. 


(ii) Equipotential surfaces when the electric field is in 
Z-direction, 


In case of electric monopole, V œ 


Y 


Epuipotential 
surfaces 


Flectrostatic Potential and Capacitance 


The equipotential surfaces due to a single point 
charge is represented by concentric spherical shells 
of increasing radius, so they are not equidistant. 

(iii) No, the electric field does not exist tangentially to 
an equipotential surface because no work is done in 
moving a charge from one point to other on 
equipotential surface. This indicates that the 
component of electric field along the equipotential 
surface is zero. Hence, the equipotential surface is 
perpendicular to field lines. 


34. Let the three charges be located as shown in the figure. 


o— [ — e ——__ / ——_+-e 


=g +O -q 


The potential energy of the system be , 
1 (-9)Q, 1 Qa), 1 (-9)(-4) 


U = —— - Yt |S Ht £ 
4TE, r ARE; r 4TlE, ar 
oe 2 
1 ack | 
4TE, r rr 
AR g 
EE aele 
r 2r q 


35. (a) Force acting on charge Q placed at point B, is due to 
charges placed at points A, C and D. 


D Ç 
Q 


a 


Fep 


Here, magnitude of force on charge at point B due to 
charge at point A is 
Fpa = = 
a 
Similarly, magnitude of force on charge at point B due 
to charge at point C is 
k 

Fag = se 
a 
Also, the magnitude of force on charge at point B due 
charge at point D is 


BD Wa} 20? 
45° Fea 
K 


Fec 2a? 


8l 


Let F is resultant of Fpa and Pec. 
k 
a? 


` The resultant electric force on charge Q is 

kQ? _ fz kQg , KQ? 
peren O 
= KO (z + 2) newton 
a 2 


(b) The potential energy of the system is given by 
U =U gy +U ge +U cp +Upa +Uac + U so 
a 2 2 
_KQq , kg , KQa , KQg , ka, KQ 
a a a a 2a 2a 


: 2 2 
- a(=21) KÉ KOE 
a V2a V2a 
Or 
(a) Force acting on the charge q placed at A, is due to the 
charges placed at points B and C. 
, Fac 


Cc 2q 


From the given figure, magnitude of force on charge 
at A due to charge at point C is given as 


Fac = sakan, say = F 
Similarly, magnitude of force on charge at point A, 
due to charge at point B is 


Faa = “CD say = 2F ( Fas = 2Fac) 


P 


Fes = F? +(2F)’ + {F)(2F) cos120° 


= [F? +4F? +ar(-3) 
y 2 
k cos120° =- z) 
2 


= JF’? + 2F? 
= 3 F 
2kq? 
ee Fos = 3 x N 
(b) The amount of the work done to separate the charges 
at infinite = Potential energy of the system 
U =U as tU 5c tU ae 
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= Adaa | klaag) 4 Ka) 
l / / 


_ = 4k? _ 3kg? à 2kq? 


l l l 
uk 
uy = 210k] 
l 
36. (i) Potential of three shells 
At shell A 
i = 1 Ga qb t) 
Poten Va =—— |] 2 — 4b Ae 
aba ATE, (4 bc 
1 [= 4nb’o sree) 
——| —— - —— + —— | ]-o = 
ATE, a b c 
= 2 (a—~b+c) 
fo 
At shell B 
Potential, Y= Fe (eet) 
4ne, \ b b c 
1 (anao 4nb’o 4re’o 
=—| —— -+ “oH 
47, b b c 
2_42 
a aA 
&\ b 
At shell C 
Potential, V, -ag (t-44) ; 
ARE c c c 


c C c 


_ 6 (a’—b* +¢? 
Ep c 


(ii) Relation between the radii 
Now, V, = Ve (given) 


22, 2 
Sig <b¥e)= 2 bte) 
€ . 


1 (“= 4nb’o s) 
=— |- T] 


A Eo c 
a’ —b? +e” a-h 
a-b+e=5—" te = +c 
c c 
c(a-b)=a* — b’ 
> c=a+b [v(a — b?) =(a- b)(a + b)] 
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37. Radius of sphere A = R 


Surface charge density on sphere A =o 
Radius of sphere B = 2R 
Surface charge density on sphere B =o 
Before contact, the charge on sphere A is 
Q, = Surface charge density x Surface area 

=> Q =0-4nR? 
Before contact, the charge on sphere B is 

Q, = Surface charge density x Surface area 

Q, =0-4n(2R)? = 0-16 mR? 
Let after the contact, the charge on A be Q; and the 
charge on B be Q3. 


According to the conservation of charge, the charge 
before contact is equal to charge after contact. 


Q +Q, =Q, +Q, 
Now, from Eqs. (i) and (ii), we get 
Q; + Q} =41R’o + 16nR26 


Ai) 


.-Aii) 


= 20nR’o (ü) 
As they are in contact. So, they have same potential. 
Potential on sphere A is V, = 1 Qr 
4mE&, R 
Potential on sphere Bis V, = Qe 
4N&, 2R 
So, Va = Vs 
=> oe . Q = 1 . Q: 
4nEo R  4ne, 2R 
= Qi -Q 
R 2R 
T 20; = Q; (iv) 


Putting the value of Q; in Eq. (iii), we get 
Qi + 20; = 20nR’o => 30; = 20nR*o 


E X 
> Q; = Sar’ 


! ee ae 
and Q; = gts [from Eq. (iv)] 


Let the new charge densities be GO, ando,, 
o=- & _ Unk 5 
5- TRO O 


AnR? 3x4AnRÈ? 3 


o. 223 -= VIRo _ soo 
AN(2R)? 3x4nx4R? 16x3 
o, = 106 sio 
4x3 6 


Thus, the surface charge densities on spheres after 
contact are >60 and 2g à 
3 6 


Electrostatic Potential and Capacitance 


38. (a) Field duc to an infinitely long thin straight 
charged line 


Consider an infinitely long thin straight line with 
uniform linear charge density (2). 


Gaussian surface for a long thin straight line of 
uniform charge density 


From symmetry, the electric field is everywhere radial 
in the plane cutting the wire normally and its 
magnitude only depends on the radial distance (r). 
From Gauss’ law, 


CA =fe-as=4 
$ Eo 
Now, $,=E-dS= $E-Âds 
sS 5 
| =$E-Â dS + $E-Â dS + fE-ñ dS 
A B C 
2. $E-dS =E dS cos90° + $E dS cos 90° 
S A B 
+ fE dS cos 0° 
(e 
=fE dS = E(2nrl) 
c 
Charge enclosed in the cylinder, q = Al 


Blanrl\ a or E= i 
Eo 2n€or 


The direction of the electric field is radially outward 
from the positive line charge. For negative line charge, it 
will be radially inward. 

(b) Electric field (E) due to the linear charge is 
inversely proportional to the distance (r) from the 
linear charge. The variation of electric field(E) with 
distance (r) is shown in figure. 


E 
j A 
ty x na 
= ` = d SP aa e -d 
© vsfEa=f Qneyr ORE, J, r 


39. 


40. 


4l. 


42. 
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Work done = qv=q | : (iz s) 
ZNE ñ 


Work done, W = q x AV 


But AV =0as the two diagonally opposite points are at 
the same potential due to 104C charge. 


5 W = 2uC x0=0 
Work done W=0 
Given, r=0.1m, V=+50 Vandg =? 
As, ve 4 

4m€, r 
=> 50=9x 10" x 4 

x 
gate ot = 5.6x107C 
9x10 


As, V is positive, therefore, q must be positive. 
Refer to Example 6 on page 65. 

Ans. At6 cm from charge — 3x10% C. 

ABCDFF is a regular hexagon of side 10 cm each. At 


each corner, the charge q = 5u1C is placed. O is the 
centre of the hexagon. 


q Q 
A 10cm 8 


Given, AB = BC = CD = DE = EF = FA =10cm 


As, the hexagon has six equilateral triangles, so the 
distance of centre O from every vertex is 10 cm. 


i.e. OA = OB = OC = OD = OE = OF = 10cm 

<. Potential at point O = Sum of potentials at centre © 
due to individual point charge 

ie Vo =Va+ Vp + Vo + Vp +V; +V 


ee ee Ere. DO AA S E 
neo LOA OB OC OD OE OF 


ieee 
ARE, r 


5x10“ 
+ > 
10 x 10° 


5x 10° 
+ -2 
10 x 10 


Putting the values, we get 
5x10% | 5x10" 


i, =9x10" — — 
10x10 10x 107 


5x 10° 
10 x 107 


5x 10° 
10 x 107 
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-b 
=9x10° x EXW = 
10X10 


= 27 x10° 
=27x10° V 
43. Charge Qo at origin O=8mC =8X 107°C 
Charge qp at point P=-—2x107°C 
Distance OP =r, =3cm=0.03m 
Distance, OQ= 1% =4 cm =004 m l 
Zz R (0, 6, 9): 


Work done in bringing the charge qp from P to Q 
= g X potential difference between Q and P 


=-2x10~ 4190... :1.., Io. 
4mé, OQ 4ne, OP 


-f 9x 10°x 8x10 9x10? x 8x 10° 
=-2 x10 | ——AM + [1L 
0.04 0.03 
_18x8x10° x 0.01 
0.0012 
=1.2J 
Thus, the work done in bringing the charge of 
-2x 10°C from Pto Qis 1.2J. 


44. Potential at the centre, 


v =+ (2) 
NE \ r 


=9x10" x10" x x anr 


2x 3.14 x2 


=9x10" x10 x =1884V 


45. Refer to Example 11 on pages 69 and 70. 
[Ans. 6.5x107'*kg) 
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AG. Surface charge density, 6 =10™ C/m’ 


Potential difference of two equipotential surface, 
dV=5V 

Let the separation between two equipotential surfaces 

be dr. Electric field intensity E due to infinite plane shee, 


is given by 
CG 


Eo 


The relation between E and V is given by 
‘dv -r dV_ © 


E=— = 
dr dr 2€, 
2e,:dV _ 2x (8.85 10°?) x 5 
=> Qe = 
“9 Oo 10 
=8.85x10°m 
47. (i) e Electric field intensity and potential difference are 
related as, 
-_ AV 
Ar 
=> ` AV=-—EAr 
By Pythagoras law, AC? = AB’ + BC? 
= 5° —3” = AB? 
=) | AB=Ar=4 


=> V,-Vo=-4E 
= 0 Ve — Va =4E 
(ii) As, Ve —V, =4E, is positive. 
; Ve > Va 
Potential is greater at point C than at point A, as 
potential decreases along the direction of electric 
field. 
48. (i) Electric field between the plates is given by 
p-êV __ Vs = Va) 


Ax ixt” 
-(0—10 
= a t, =10 V/m 
10 


It is directed from A to B. 
(ii) Work done in moving a charge from Y to Zis 
Wy.z =q(A V) = 20x10 (V, — Vy) 
= 20 x10 (0-10) 
=- 20x107 J 


[TOPIC 2| 
Dielectric and Capacitance 


In this topic, we are going to learn about characteristic, 


properties of conductors and insulators. Also we will go 


through the concepts of capacitors and their 
combinations. 


CONDUCTORS AND 
INSULATORS 


Let us discuss some characteristics of conductors and 
insulators as discussed below. 


Conductors 


Conductors are the materials through which electric: 


charge can flow easily. Most of the metals are conductors 
of electric charge. Silver is the best conductor of electric 
charge. 


Under electrostatic conditions, the conductors have 
following properties 


(i) Inside a conductor, electrostatic field is zero. 
(ii) At the surface of a charged conductor, electrostatic 
field must be normal to the surface at every point. 
(iii) The interior of the conductor can have no excess 
charge in the static situation. 


(iv) Electrostatic potential is constant throughout the 
volume of the conductor and has the same value 
(as inside) on its surface. 


(v) Surface charge density of a conductor could be 
different at different points. 


oo 


Y Electrostatic Shielding 


The phenomenon of protecting a certain region of space 
from external electric field is called electrostatic shielding. 
We know that inside a conductor, electric field is zero, so to 
protect some instruments frorn external field, they are 
enclosed in hollow conductors. 


Insulators 


Insulators are the materials through which electric charge 
cannot flow e.g. glass, rubber, wood, etc. Insulators are also 
called dielectrics, when an electric field is applied, induced 
charges appear on the surface of the dielectric. Hence, it can 
be said that dielectrics are the insulating materials which 
transmit the electric effect without conducting. 


Free Charges and Bound Charges 
Inside the Conductor 


In metallic conductors, electrons are the charge carriers. In a 
metal, the outer (valence) electrons part away from their atoms 
and are free to move, these electrons are called free electrons or 
conduction electrons. The electrical conductivity of a material 
depends upon the number of free electrons present in it. 
Materials which have high number of free electrons are good 


conductors and which have less number of free electrons are bad 
conductors. 


When an electron leaves an atom, atom becomes positively 
charged ion. The positively charged ions and bound electrons 


remain held in their fixed positions and are called bound 
charges. : 


Dielectrics and Polarisation 


Dielectrics (or insulators) are non-conducting substances. In 
contrast to conductors, they have no (or negligible number of) 
free charges or charge carriers. 

In a dielectric under the effect of an 
external field, a net dipole moment is 
induced in the dielectric. Due to 
molecular dipole moments, a net charge 
appears on the surface of the dielectric. 
These induced charges (of densities 


-O, and and +6,) produce a field 
opposing the external field. Induced field 
is lesser in magnitude than the external 


field, So, field inside the dielectric gets Polarised 
dielectric slab 
reduced, 
E=|E,|-|E,,| 


where, E = resultant electric field in the dielectric, 
E, =external electric field between two plates 
and E, = electric fleld inside the dielectric, 


A net dipole moment is developed by an external field in 
either case, whether a polar or non-polar dielectric. 
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Dielectric Constant (K) 


The ratio of the strength of the applied electric field to the 
strength of the reduced value of the electric field on placing 
the diclectric between the two plates is called the dielectric 
constant of the dielectric medium. 

Ir is also known as relative permittivity or specific 
inductive capacity and is denoted by X (ore, ). 
Therefore, dielectric constant of a dielectric medium is 
given by 

Ey 


K= 
E 


Note The value of K is always greater than 1. 


Polarisation (P) 

The induced dipole moment developed per unit volume in 
a dielectric slab on placing it in an electric field is called 
polarisation. It is denoted by P. If p is induced dipole 
moment acquired by an atom of the dielectric and N is the 
number of atoms per unit volume, then polarisation is 


sven by 


The induced dipole moment (p) acquired by the atom is 


found to be directly proportional to the reduced value of . 


electric field (E) and is given by 
p=OE,E 


where, & is constant of proportionality and is called atomic 
polarisability. 


Electric Susceptibility (y) 


The polarisation density of a dielectric slab is directly 
proportional to the reduced value of the electric field and 


The constant of proportionality % is called electric 
susceptibility of the dielectric slab. It is a dimensionless 
constant.Jt describes the electrical behaviour of a dielectric. 
It has different values for different dielectrics. 

For vacuum, x =0 


may be expressed as 


Relation berween dielectric and electric 


susceptibility can be given as 


Dielectric Strength 

The maximum electric field that a dielectric can withstand 
without breakdown (of its insulating property), is called its 
dielectric strength. For air, it is about 3 x 10°V/m. 


constant 
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Capacitors and Capacitance 

A capacitor is a system of two conductors separated by an 
insulating medium. The conductors have charges Q and 
-Q with potential difference, V = V) — V, between them, 


The electric field in the region between the conductors is 
proportional to the charge Q. 


Conductor 2 


Conductor 1 


A system of two conductors or capacitors 


If the potential difference (V) is the work done per unit 
positive charge in taking a small test charge from the 
conductor 2 to 1 against the field, then V is proportional to 


Q and the ratio > is a constant. 


Q 


V 


The constant C is called the capacitance of the capacitor. 
Capacitance C depends on shape, size and separation of the 
system of two conductors.The SI unit of capacitance is 
farad. Its dimensional formula is[{M~'L°T*A?]. 


1 farad = 1 coulomb/volt 


A capacitor with fixed capacitance is symbolically shown as 
|} , while the one with variable capacitance is shown as 
Af. In practice, farad is a very big unit, the most common 
units are its sub-multiples. 

1uF =10° ° F,1 nF =107° F,1 pF =10°" F 


EXAMPLE |1| When 1x10” electrons are transferred 
from one conductor to another, a potential difference of 
10 V appears between the conductors. Find the 
capacitance of the two conductors. 
Sol. Given, number of electrons, 

n=1x10" 

“. Charge transferred, 
Q = ne =1x10" x1.6x10°" 


=16x107C [ee = 1.6x10°C] 
. Capacitance between two conductors, 

_Q_ 16x10" 

—— a 

=1.6x10° F 


Electrostatic Potential and Capacitance 


PARALLEL PLATE CAPACITOR 


Parallel plate capacitor consists of two thin conducting 
plates each of area A held parallel to each other at a suitable 
distance d. One of the plates is insulated and other is 
earthed. And also there is vacuum between the plates. 


Surface 


X 
density \ 4444444444 


d 


sste (= 22T 
charge Zea] 


density -Y $ Earthed 


Suppose the plate X is given a charge of + q coulomb. By 
induction, —g coulomb of charge is produced on the inner 
surface of the plate Yand +g coulomb on the outer surface. 
Since, the plate Yis connected to the earth, the +g charge on 
the outer surface flows to the earth. Thus, the plates Xand Y 
have equal and opposite charges. 


Suppose the surface density of charge on each plate iso. We 
know that the intensity of electric field at a point between 
two plane, parallel sheets of equal and opposite charges is 
O l£, where € gis the permittivity of free space. 
The intensity of electric field between the plates will be 
given by 

o 


Eo 
The charge on each plate is g and the area of each plate is A. 
Thus, 


o=4 and so, E = 
A 


a i) 


Eo 


Now, let the potential difference between the two plates be 
V volt. Then, the electric field between the plates is given by 


E= Ld or V = Ed 
d 
Substituting the value of £ from Eq. (i), we get 


EA 
^ Capacitance of the parallel plate capacitor is given by 


C= 4. = q or C= ee | 
V qd/t,A d 


£, =8.85 x10” F/m 


It is clear from this formula that in order to obtain high 
Capacitance, 


where, 


(i) A should be large, i.e. the plates of large area should 
be taken. 
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(ii) d should be small, i.e. the plates should be kept close 
to each other, 


Note Capacity of an isolated spherical conductor is 


where, r = radius of the sphere. 


Leakage of Charge from a Capacitor 


From the formula C =q/V, it is clear that for large C, Vis 
small for a given g. This means a capacitor with large 
capacitance can hold large amount of charge q at small V. 
This is very important fact, because the large amount of 
charge implies strong electric field around the conductor. 
This strong electric field can ionise the surrounding air and 
accelerate the charges, so produced to oppositely charged 
plates, thereby neutralising the charge on the capacitor 
plates. This means the charge of the capacitor leaks away 
due to the reduction in an insulating power of the 
intervening medium. l 


EXAMPLE |2| What is the area of the plates of a 2F 
parallel plate capacitor, given that the separation between 
the plates is 0.5 cm? (You will realise from your answer 
why ordinary capacitors are in the range of uF or less. 
However, electrolytic capacitors do have a much larger 
capacitance (0.1 F) because of very minute separation 
between the conductors). NCERT 


Sol. Given, capacitance, C = 2 F 


and separation between plates, d = 05 cm = 05 x 10° m 


Capacitance of a parallel plate capacitor, 


A 
c= fA EA 
d 
Cd 2x 0.5x 107? 
or A=—= 
Ep "8.854 x107 


= 1,13x 10° më 
= 1130 km? 


This area is very large, so it is not possible that the 
capacitance of a capacitor is too large as 2 F., 


So, the capacitance of any capacitor should be the range 
of 2 uF, 


EXAMPLE |3| A parallel plate capacitor has plate area 
25 cm? and a separation of 2 mm between the plates. The 
capacitor is connected to a battery of 12 V. 

(i) Find the charge on the capacitor, 

(ii) If the plate separation is decreased to 1.0 mm, 


then find the extra charge given by the battery to the 
positive plate. 
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Sol. Given, area of plate, A = 25 em? = 251074 m°? 
Distance between the plates, d = 2 mm = 2x10 m 
Potential difference, V =12 V 
(ì) Charge on the capacitor, q=CV 
— EÂ y _ 885x10? x 25x10" * x12 
2x107 

=1,33x 10°C 

(ii) If the plate separation is decreased to half, the 


capacity becomes twice. Then, charge becomes twice 
as battery is still connected. 


` Extra charge given by the battery = q’—q 
= 2q -q =q =1.33 x10" C 


Effect of Dielectric on Parallel 
Plate Capacitor 


Consider a dielectric is inserted between the plates of a 
parallel plate capacitor and fully occupying the intervening 
region as shown in figure. The dielectric is polarised by the 
field, with surface charge densities O p.and -6 p. 


The electric field in the dielectric then corresponds to the 
case when the net surface charge density on the plates is 


Dielectric between the plates of a capacitor 
Oo-O 
So, net electric field between the plates, £ = = 
0 


[~ dielectric is polarised in the opposite 
direction of external. field] 
<. Potential difference between the plates, 


Vahey. ole 
Ey 


For linear dielectrics, we expecto p to be proportional to Eg 
i.e. to O. 


Thus, (6 — © p) is proportional to © and we'can write, 
o-o,=— 
ROK 


where, K is a constant characteristics of the dielectric. 
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Clearly, K>1 [" Op <o] 
then, yV = Gd = ad 
EK A&K 


“. The capacitance C with dielectric between the plates j, 
given by 


The product €)K is called the permittivity of the medium and 
is denoted by €. 


E= &K 
For vacuum, K =1 and € =£, where Ey is called th 
permittivity of the vacuum. | 


The dimensionless ratio, 


a € 
A ; 
is called the dielectric constant of the substance. 
D o C 
Similarly, =— 
Co 


Thus, the dielectric constant of a substance is the factor 
(K > 1) by which the Capacitance increases from its vacuum 
value, when the dielectric is inserted fully between the plates 
of a capacitor. 


(i) When a dielectric slab of thickness ¢ is inserted 
between the plates, then 


EA 
Capacitance, C = oe 
d-t+— 
K 


(ii) If several slabs of dielectric constants KiKa: Kju 
and respective thicknesses ¢,,f5,3,... are placed in 
between the plates of a capacitor, then capacitance, 


E,A 
CF : t $ t 
3 
d —(t, +t, ttt...) +—-+ 4 4+ +... 
1 2 3 K, K, K, 


(iii) If a metallic slab (K =00) of thickness ¢ is placed 
between the plates of capacitor, then 


Capacitance, 

E,A 

d-r 

If metallic slab fills the entire space between the 


plates (ie. d =£), then capacitance will becom? 
infinite. 


C= 


Electrostatic Potential and Capacitance 


EXAMPLE |4| In a parallel plate capacitor with air 
between the plates, each plate has an area of 6 x 107m? 
and the separation between the plates is 3 mm. 

(i) Calculate the capacitance of the capacitor. 

(ii) If this capacitor is connected to 100 V supply, what 
would be the charge on each plate? 

(iii) How would charge on the plates be affected if a 3 mm 
thick mica sheet of K = 6 is inserted between the plates 
while the voltage supply remains connected? 

Foreign 2014 
Sol’ Given, area of each plate, A = 6x10” m° 
Distance between the plates, 
d=3mm 
=3x10°m 
(i) Capacitance of parallel plate capacitor is given by 
cu bel _ 8.85 x10? x6x10” 
d 3x107 
2 C =1.77 x10 "F 
(ii) Charge on parallel plate capacitor is given by 
Q = CV =1.77x10™ x100 


=1.77x 10°C 
(iii) Given, K=6 
Now, C’= KC 


=> Q = KQ 

V vV 

Q'= KQ 
=6x1.77x10° 
=10.62x10°C 


EXAMPLE |5| An air-cored capacitor of plate area A and 
separation d has a capacity C. Two dielectric slabs are 
inserted between its plates in two different manners as 
shown. Calculate the capacitance in it. 


(+) 


atin 


ETA 
k——— d — 


Sol. Let the charges on the plates are Q and -Q. 


Electric field in free space is E o= Ss 2 ' 
£p AE, 
Electri i is E = =2 = © 
ectric field in first slab is E, = — = ' 
K, A&K, 
Electric field i is B, = <0 Ren 
ectric field in second slab is E, = = . 
2 A&K; 


The potential difference between the plates is 
V=E (d-t, -t,)+ Et, + Ezt, 


COMBINATION OF CAPACITORS 


When there is a combination of capacitors in a circuit, we 
can sometimes replace that combination with, an 
equivalent capacitor, i.e. single capacitor, that has the same 
capacitance as the actual combination of capacitors has 
with such a replacement, that-we can simply find the 
circuit, affording easier solutions for unknown quantities 
of the circuit. 

Here, we discuss two basic combinations of capacitors 
which can be replaced by single equivalent capacitor. 


Capacitors in Series 


When a potential difference (V) is applied across several 
capacitors connected end to end in such a way that, sum of 
potential differences across all the capacitors is equal to the 
applied potential difference V, then these capacitors are 
said to be connected in series. 


Series combination of capacitors | 


The potential difference across the separate capacitors 
are given by 

V, =£ V, me and V, =2 
C C, C, 
However, the potential difference across the series 
combination of capacitors is V volt 


where, V=V tV +V, (i) 
Let Cs represents the equivalent capacitance, then 
_Q . 
c, (ii) 
Combining Eqs. (i) and (ii), we get 
Q = Q + Q + Q 
G CG 0G 
=> 1 = i + 1 + 4 
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The equivalent capacitance of » capacitors connected in 
series is equal to the sum of the reciprocals of individual 
capacitances of the capacitors. 


Mathematically, it is expressed as, 


All the capacitors connected in series have same amount of 
charge, but potential differences between their plates are 
inversely proportional to their capacitances. This combination 
is used when a high voltage is to be divided on several 
capacitors. Here, capacitor with minimum capacitance has 
maximum potential difference between the plates. 


Capacitors in Parallel 


Capacitors are said to be connected 
in parallel when a potential 
difference that is applied across their 
combination results in the potertial 
differnce same across each capacitor. 


When a potential difference (V) is 
applied across several capacitors 
connected in parallel, then the 


potential difference (V) exists across' Parallel 

each capacitor. The total charge (Q) coma 

stored on the capacitor is the sum of i 

the charges stored on all the 

capacitors. ; l 

If Q is the total charge on the parallel network, then 
Q=2, +Q: +Q, .-.(i) 


Let Cp be the equivalent capacitance of the parallel 
combination, then 
O=C,V, Q, =C,V, Q, =C,V 
and Q, =C,V 
Combining Eqs. (i) and (ii), we obtain 
CV =CV+C,V+C,V 
=> Cp=C, +Cz.4+Cy 
The equivalent capacitance of n number of capacitors in 
parallel is equal to the algebraic sum of the individual 
capacitances of the capacitors. 
Mathematically, it is expressed as, 


ee = #0, +0, RAT 


All the capacitors connected in parallel have same potential 
difference between their plates but the charge is 
distributed proportionally to their capacitances, 


(ii) 


Capacitors are combined in parallel, when we require a 
large capacitance at small potential. 
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EXAMPLE |6| Three capacitors each of capacitance g r 
are connected in series. y 
(i) What is the total capacitance of the combination? 
(ii) What is the potential difference across each capacitor, į 
the combination is connected to a 120 V supply? NCER 
Sol. There are three capacitors each of capacitance 9 pF, 
re C, =C, =Cy =9pF 
' and voltage, V =120 V 
(i) The total capacitance in series combination, 


1 1 1 1 1 1 1 
Joie pop ae he a 
G G,* Gy "Cs. 9°19" 9 
1 3 

=> — = — C; =3 pF 
C 9 7 


(ii) Let the charge across the system be q and potentia; 
across C,, C} and C, be V,,V, and V}, respectively, 
Charge, q =C;-V =3x120 = 360 pC 
Potential difference across C,, 


60 
v =L=% -40V 
C 9 
Potential difference across C}, 
0 
V, = A = 360 =40V 
C, 9 
Potential difference across C}, 
360 
C, 
Thus, the potential difference across each capacitor is 


40 V. 


EXAMPLE |7| It is required to construct a 10}f 
capacitor which can be connected across a 200 V battery. 


‘Capacitors of capacitance 10 uF are available but they 


withstand only 50 V. Design a combination which cal 
yield the desired result. 
Sol. Capacitor of 1OWF can withstand only 50 V, therefore te 


be connected across a 200 V battery, four capacitors 
must be connected in series in a row. Capacitor C, of 
each row of four capacitors is 


1 1 1 
Oe 1 4 


C, 10 10 10 10 10 
10 
> G 22-5pF 


For a total capacity of 10 uF, four such rows of 
capacitors must be connected in parallel, so that 
Cp=4C, 
=4x2.5=10uF 


Hence, we need 16 capacitors with 4 capacitors in 
series in each row and 4 such rows in parallel. 


Electrostatic Potential and Capacitance 


EXAMPLE |8| In the circuit shown in figure, find 
(i) the equivalent capacitance and 
(ii) the charge stored in each capacitor. 


1 pF 
= 

2 uF 

3 uF 


100 V 
Sol. (i) The capacitors are in parallel. Hence, the equivalent 
capacitance is 
C=C, tC tG 
=(1+2+3)=6ŅuF 
(ii) Total charge drawn from the battery, 
q=CV =6x100nC 
= 600uC 
This charge will be distributed in the ratio of their 
capacities. Hence, 
qı 292793 = C, :C; :C3 =1:2:3 


q = 55) * 00 0pc 

al A } 00 = zonc 
14+2+3 

and | p Jxsoo=soope 
1+:2+3 


EXAMPLE |9| Three capacitors of 1pF, 2uF and 3uF are 
joined in series. 

(i) How many times will the capacity become when they 
are joined in parallel ? 

(ii) Determine the charge supplied by the battery of 100 V 
to the maximum resultant capacitor among both the 
arrangements. 

Sol. (i) Given, C, =1 pF, C, = 2pF, C, = 3 pF 
The combined capacity (Cs) in series combination is 


given by 
Cs Ci Ca. Cg til 3: ,,:6 
6 
> C, = — pF 
at u 
The combined capacity (Cp) in parallel combination is 
given by 
Cp HC, tC, +Cy =14 2455 6pP 
=> Cp =11C; 
(ii) As, Cp>Cs 


<. The charge supplied by 100 V battery, 
q, =CpV =6pF x100 =6x10"* x100 


=> q, =6Xx107*C = 6004C 
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EXAMPLE |10| Seyen capacitors each of capacitance 
2uF are connected in a configuration to obtain an 


effective capacitance 5 uF. Which of the following 


combinations will achieve the desired result? 


(i) 
(ii) HHi= 
(iv) ODIA 
Sol. Consider the first configuration, we have 
In series, C = a 
TA 
_ (10)(1) _ 10 
“tO o+ H 


l n l a 
re- Iu F 


re— 10 p E— 


EXAMPLE |11| A network of six identical capacitors, 
each of value C is made as shown in the figure. Find the 
equivalent capacitance between the points A and B. 


VA. 


Sol. The equivalent network of the given network is shown 
below. c c 


À | B 


Therefore equivalent capacitance, 
Cq = [2 C series CIII[C series 2C] 


aii 2C xC]_ ac 
~T9Cc4+e] 3 
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EXAMPLE Melina the equivalent capacitance - ENERGY STORED IN 
between A and B. Given area of each plate = A and A CAPACITOR 
separation between plate = d. l 


The energy of a charged capacitor is measured by the total 
work done in charging the capacitor to a given potential, 
Let us assume that initially both the plates are uncharged, 
Now, we have to repeatedly move small posirive charges 
from one plate and transfer them to the oLa piate. 

Now, when an additional small charge (dq) is transferred 


from one plate to another plate, the small work done is 
7 


given by dW=Vadq= a dg 


[-charge on plate when dq charge is transferred be q'] 


The total work done in transferring charge Q is given by 
Sol (i) A w=f? Zag=-}fe d 
eh ee a yt 


ofl K _ 2 


O7, 2C 
This work is stored as electrostatic potential energy U in the 
capacitor. a oe 
r 
CERT CAR e 
K, Eo 4E 2Ag, - 26 2 2C 2 ~ 
Capacitance, C, = —2_ = _2__ = “Fo = E EA if 
d d d The energy stored per unit volume of space in a capacitor is 
| C= ra called energy density. 
d {l ‘) 
A Energy density, |v =—e€ yE*) 
i K, 3 3AE, (2 i 
Capacitance, C, = e Total energy stored in series combination or parallel 
d d _ energy . parall 
2 combination of capacitors is equal to the sum of energies 
KA stored in individual capacitors. 
35% 6 Y = Lu 
Capacitance, C, = 2 -2 as ive. U =U, +U, +U, +... 
A Change in Energy on Introducing a 
Ti aa GiCy Be Dielectric Slab 
C, and C, are in series, C’ = —2-3_ = “0 
C, +C, d s , ‘ a 
PA (i) When a dielectric slab is inserted between the plates 
C’ and C, are in parallel = ——° of a charged capacitor, with battery connected to 1t 
ie. Foe plates. Then, the capacitance becomes K (dielectric 
(ii) Capacitance, C, = a 7? constant) times and energy stored in the capacitor 
A UAR becomes KU p. 
£ zi i ; TE. 
C, = TE Sma 5 (ii) When a dielectric slab is inserted between the plates 
ie Aa. ii of a charged capacitor and battery is disconnected: 
and C,= I — o Then, the charge on the plates remains unchange 
: . Uy. 
*C,, Cand C, “are in series, and energy stored in the capacitor becomes ra he 
1 1 1 1 
—— = + + energy decreases. 
Ca G C, C, bY 
2AE Note This topic has been frequently asked in Previous years 2015, 
«<. Equivalent capacitance, Coq = a 2014, 2012, 2011, 2010. 


Electrostatic Potential and Capacitance 


EXAMPLE |13| A capacitor of capacity 10 uF is 


subjected to charge by a battery of 10 V. Calculate the 
energy stored in the capacitor. 


Sol. Given, capacity, C =10 uF = 10x107“ F 
Voltage, V =10 V, energy, E =? 


~< Energy stored in the capacitor, E = A CV? 
2 


x10x10°° x10x10=5x10 *J 


wl 


EXAMPLE |14| A parallel plate capacitor has plate area 
A and separation d. It is charged to a potential difference 
V,. This charging battery is disconnected and the plates 
are pulled apart to three times the initial separation. 
Calculate the work required to separate the plates. 

Sol. ». Capacitance, C = Sit 


Charge on plate, Q = CV = rt 


0 


Energy stored, U = Q°/2C 


As dis increased 3 times, so C decreases 3 times. Battery 


is disconnected, so Q remains same. The difference in 
the energy is the work done, 


Change in potential energy 


<. Work done, AW =- AU'= —— 


EXAMPLE |15| A 2pF capacitor is charged as shown in 


the figure. Find the percentage of its stored energy 
dissipated after the switch S is turned to position 2. 


Sol. Initially, charge on the capacitor, 
q, =C,V =2V =q 
This charge will remain constant after switch is shifted 
from position 1 to position 2. 
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2C; 2x10 20 


2 
<. Energy dissipated =U; -U , = T 


2 
This energy dissipated |- is 80% of the initial stored 


2 
energy (- È) 


COMMON POTENTIAL 


When two capacitors of cifferent potentials are connected 
by a conducting wire, then charge flows from capacitor at 
higher potential to the capacitor at lower potential. This 
flow of charge continues till their potentials become equal, 
this equal potential is called common potential. 


CV, +C,V, 


Common potential, V = 
Q tG, 


where, C, and C, are capacities of two capacitors charged to 
potentials V and V,, respectively. 


; ’ Total charge 
i.e. Common potential = 


Total capacitance 
CLV, +C,V, =C\V+C,V 
or CV, -C,V=C.V-C.V, 
ie: Charge lost by one capacitor 
= Charge gained by the other capacitor 
Nore This is not true for potential, i.e. potential lost by one is not 


equal to potential gained by the other, as their capacities are 
different. 


Loss of Energy in Sharing Charges 


When two charged capacitors are connected to each other, 
they share charges, till they acquire a common potential. 
On sharing charges, there is always some loss of energy. 
However, total charge of the system remains conserved. 
Consider two capacitors having capacitances C}, C, and 
potentials V}, Vz, respectively. 

Then before the two capacitors are connected together, the 
total energy stored in the two capacitors, 


l 1 ; 
U =U, +U, = sou +CV (i) 
When the two capacitors are connected together, total 


charge on the capacitor, 
q=qı +q: =C Vi +CV 
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Total capacitance of the two capacitors, 

C=C, +C, 
Therefore, total energy of the two capacitors, after they are 
connected. 


ural GF LLC +CV)? vali) 
2C 2 (C,+C,) 


Subtracting Eq. (ii) from Eq. (i), we get 
1G, Vi +CV) 
2 (C,+C,) 
C/V; +€,C,V," + CCV? t CV 
HCM FEN 


1 2.1 2 
U-U’=]|-C,V,° +-C.V. 
E as tee ;) 


2(C, t G3) 
AC, + C3) 
s- MlM 
V, =- V,)? ; 
CCW -Va | iva pbative aunty. 


=> AU= 
2(C, +C) 


Since, U — U” is positive, there is always a loss of energy, 


when two charged capacitors are connected together in the 
form of heat radiation due to electric current while 


charging. 


EXAMPLE |16| 4600 pF capacitor is charged by a 200V 
supply. It is then disconnected from the supply and is 
connected to another uncharged 600 pF capacitor. How 
much electrostatic energy is lost in this process? NCERT 
Sol. Given, C, = C, =600pF = 600x10°"F 
=6x10 "F 
V, =200 V, V, =0 
C,C,(V, ia V, M 
XC, +C,) 
_(6x10™™)} (200-0)? 
`ryi12%12x107" 


| TOPIC PRACTICE 2| 


OBJECTIVE Type Questions 


1. The maximun electric field that a dielectric 
' medium of a capacitor can withstand without 

break down (ofits insulating property) is called 
its 
(a) polarisation 
(b) capacitance 
(c) dielectric strength 
(d) None of the above 


<. Energy lost = 


=6X107°J 


2. 


| Allínone | PHYSICS Class 124}, 


A parallel-plate capacitor has circular plates of 
radius 8 cm and plate separation 1 mm. What 
will be the charge on the plates if a potential 
difference of 100 V is applied? 

(a) 1.78x 10" C (b) 1.78% 10% C 


(c) 4.3x 10° C (d) 2x 10° C 


A parallel plate air capacitor has a capacitance 
18 uF. If the distance between the plates is tripled 
and a dielectric medium is introduced, the 
capacitance becomes 72 uF. The dielectric 
constant of the medium is 

(a) 4 (b) 9 

(c) 12 (d) 2 

A parallel plate capacitor is made of two 
dielectric blocks in series. One of the blocks has 
thickness d,;.and dielectric constant K, and the 
other has thickness d, and dielectric constant 
K, as shown in figure. This arrangement can be 
thought as a dielectric slab of thickness 

d (=d, + d,) and effective dielectric constant K. 
The K is” 


VII 
AKA 


K,d, +K,d, 


dı 


də 


K di +K, d, 


a b 

9 d, +d, ©) K, +K, 

(es K, (d; +d) (a) 2K, K, 
(K, d, +K, d,) K,'+ K, 


The capacitance of a spherical conductor is 1 pF 
Its radius is 


(a) 1.11 m 
(c) 9 km 


(b) 10 m 
(d) 1.11 cm 
A capacitor of 4 uF is connected as shown in the 


circuit. The internal resistance of the battery is 
0.59. The amount of charge on the capacitor 


plates will be NCERT Exemplar 
4 uF 102 
2.5V 
22 e 
(a) 0 (b) 4u C 


(c) 16C (d)8 uC 


Electrostatic Potential and Capacitance 


7. Capacitance between points A and Bis 


2uF  2pF 
a 


A 3 pF B 


12 1 7 
4 uF b) — pF = LF L uF 
(a)4 p (b) FV 93 uF (d) y jul 


8.- In the figure, the equivalent capacitance 
between points A and Bis 


(a)4 pF (b) 2.5 pF 
(c) 2 uF (d) 0.25 uF 
9. The graph shows the v. 


variation of voltage V across 
the plates of two capacitors Ve 


Aand B versus increase of 
charge Q stored in them. _ 
Which of the capacitors has 
higher capacitance? 


Va 


(a) Capacitor A 
(c) Both (a) and (b) 


(b) Capacitor B 
(d) None of these 


10. A900 pF capacitor is charged by 100 V battery 
in the figure. How much electrostatic energy is 


stored by the capacitor? 


+Q -Q 
T a 


(b) 4.5x 10° J 
(d) 0.45x 10° J 


(a) 45x 10% J 
(c) 4.5x 10% J 


VERY SHORT ANSWER Type Questions 


11. Distinguish between a dielectric and a 
conductor. 


12. Define the dielectric constant of a medium. 
What is its unit? 


Delhi 2012 


Delhi 2011 


13. 


14. 


15. 


16. 


17. 


18. 


21. 
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The given graph shows the q A 
variation of charge q versus 


B 
potential difference V for two 
capacitors C, and C,. Both the 
capacitors have same plate 
separation but plate area of C, Vv 
is greater than that C,. Which line (A or B) 
corresponds to C, and why? All India 2014 


If the difference between the radii of the two 
spheres of a spherical conductor is increased, 
state whether the capacitance will increase or 
decrease. 


A metal plate is introduced between the plates 

of a charged parallel plate capacitor. What is its 

effect on the capacitance of the capacitor? 
Foreign 2009 


A spherical shell of radius 6 with charge Qis 


expanded to a radius a. Find the work done by 
the electrical forces in the process. 


Distinguish between polar and non-polar 
dielectrics. All India 2010 C 


A sensitive instrument is to be shifted from the 
strong electrostatic field in its environment. 
Suggest a possible way. 


The safest way to protect yourself from 
lightning is to be inside a car. Comment. 
Delhi 2009 
Can the potential function have a 
maximum or minimum in free space? 
NCERT Exemplar 


Why does the electric conductivity of the 
earth's atmosphere increase with altitude? 


SHORT ANSWER Type Questions 


22. 


23. 


A capacitor has some dielectric between its 
plates and the capacitor is connected to a DC 
source. The battery is now disconnected and 
then the dielectric is removed. 

State whether the capacitance, the energy 
stored in it, electric field, charge stored and the 
voltage will increase, decrease or remain 
constant, All India 2013 


A slab of material of dielectric constant K has 
the same area as that of the plates of a parallel 
plate capacitor, but has the thickness d/2, where 
dis the separation between the plates. 


96 | Allénone | PHYSICS Class 194, | 


in the two capacitors to completely fill the 

gap between the plates. Find the ratio of 

(i) the net capacitance and . 

(ii) the energies stored in the combination 
before and after the introduction of the 


Find out the expression for its capacitance when 
the slab is inserted between the plates of the 
capacitor. Delhi 2013 


24. Two identical parallel plate Ci 
Yy 


(air) capacitors C, and C, dielectric slab. Delhi 2014¢ 
have capacitance C each. 

The space between their r K 

plates is now filled with 7 

dielectrics as shown in the 

figure. If the two capacitors Lge] Ly al y Ci Ce 


still have equal 
capacitance, then obtain the relation between 


dielectric constants K, K, and K}. Foreign 2011 
25. Fi lumini 30. Deduce the expression for the electrostatic 
i AR see te placed” | energy stored in a capacitor of capacitance C 
ing charge Q. 
between the plates of a capacitor. = _____________ and ae ak geQ 
How will its capacitance be affected, How will the 
if | (i) energy stored and 
(i) the foil is electrically insulated?  - (ii) the electric field inside the capacitor be 
(ii) the foil is connected to the upper plate with a affected when it is completely filled with a 
conducting wire? Foreign 2011 dielectric material of dielectric constant 
K? All India 2012 


26. You are given an air filled 
parallel plate capacitor C}. Ci 
The space between its 
plates is now filled with 
slabs of dielectric 
constants K, and K, as 


31. Guessa possible reason, why water has a 
3 much greater dielectric constant (= 80) than 


mica (= 6)?, 


32. A2m insulating slab with a large 

i ‘ aluminium sheet of area 1 m? on its top is 
shows im figure Pind the. fixed by a man outside his house one 
eSpace ener onthe am evening. Will he get an electric shock, if he 


capacitor Cz if area of the touches the metal sheet next morning? 


plates is A and distance between the plates is d. 
Foreign 2011 33. Atechnician has only two capacitors. By 


using them in series or in parallel, he is able 


27. Aparallel plate capacitor of capacitance C is ; 

: : to obtain the capacitance of 4, 5, 20 25uF. 
charged to a potential V. It is then connected to What is the ite sone kerk a ne 
another uncharged capacitor having the same =“ P > 
capacitance. Find out the ratio of the energy ~ . 
stored in the combined system to that stored LONG ANSWER Type I Questions 
initially in the single capacitor. All India 2014 34. (i) How is the electric field due to a charged 


parallel plate capacitor affected when a 


28. A parallel plate capacitor, each of plate area A and : . 
P P P P dielectric slab is inserted between the 


separation d between the two plates, is charged lates full ; ; i 
A AA and E A a TE i el ully occupying the intervening 
the expression for the energy stored in capacitor. ‘a eni : 

(ii) A slab of material of dielectric constant K 


Forelgn 2013 
has the same area as the plates of a 


29. Two parallel plate capacitors of capacitances C . : ; 
and C, such that C, = 2C, are connected across a ee peg capacitar but has thickness 
battery of V volt as shown in the figure. Initially, 9% Where d is the separation between the 
the key (k) is kept closed to fully charge the plates. Find the expression for the 
capacitors. The key is now thrown open and a capacitance when the slab is inserted 
dielectric slab of dielectric constant K is inserted between the plates. Foreign 2010 


Electrostatic Potential and C 


35. 


36 


37. 


38. 


39, 


apacitance 


Two charged conducting spheres of radii a and 


j as ee to each other by a wire. What is 
the ratio of electric fields at the surfaces of the 
two spheres? Use the result obtained to explain, 


i p density on the sharp and pointed 
ends of a conductor is higher tl i 

s lan s flatter 
portions? ied phen 


Find the ratio of the potential differences that 
must be applied across the parallel and series 
combination of two capacitors C, and C, with 
their capacitances in the ratio 1:2, so that the 
energy stored in these two cases becomes the 


same. All India 2016 


(i) Obtain the expression for the energy stored 
per unit volume ina charged parallel plate 
capacitor, 

(ii) The electric field inside a parallel plate 
capacitor is E. Find the amount of work done 
in moving a charge q over a closed 


rectangular loop abcda. Delhi 2014 


A parallel plate capacitor of capacitance C is 
charged to a potential V by a battery. Without 
disconnecting the battery, the distance between 
the plates is tripled and a dielectric medium of 
K =10 is introduced between the plates of the 
capacitor. Explain giving reasons, how will the 
following be affected All India 2017 
(i) capacitance of the capacitor 
(ii) charge on the capacitor and 
(iii) energy density of the capacitor? 
E A al 
V volts with the switch S is | | | 
closed. The switch is now 
opened and the free space between the plates of 
the capacitors is filled with a dielectric of dielectric 
constant K. Find the ratio of the total electrostatic 


energy stored in both capacitors before and after 
the introduction of the dielectric. 


Two identical parallel plate 
capacitors A and B are 
connected to a battery of 


All India 2017 


(i) Derive the expression for the capacitance of 
a parallel plate capacitor having plate area A 
and plate separation d. i 

(ii) Two charged spherical conductors of radii 
R, and R, when connected by a conducting 
plate respectively. Find the ratio of their 
surface charge densities in terms of their 
radii. Delhi 2014 


4#. 
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Show that the force on cach plate of a parallel ; 
plate capacitor has a magnitude equal to1/2QE, 
where Q is the charge on the capacitor and E is 
the magnitude of electric field between the B 
plates. Explain the origin of the factor 1/2. NCERT 


LONG ANSWER Type II Questions 


42. 


43. 


44. 


(i) Explain, using suitable diagram, the 
difference in the behaviour of a 
(a) conductor and 
(b) dielectric in the presence of external 

electric field. Define the terms 
polarisation of a dielectric and write its 
relation with susceptibility. 

(ii) A thin metallic spherical -A 
shell of radius R carries a 
charge Q on its surface. A 
point charge Q/2 is placed at 
its centre C and an another 
charge +2Q is placed - 
outside the shell at a distance x from the 
centre as shown in figure. Find (a) the force 
on the charge at the centre of the shell and at 
point A, (b) the electric flux through the shell. 

All India 2015 


(i) If two similar large plates, each of area A 
having surface charge densities +c and—o are 
separated by a distance d in air, find the 
expression for 
(a) field at points between the two plates and 
on outer side of the plates. Specify the 
direction of the field in each case. 

(b) the potential difference between the 
plates. 

(c) the capacitance of the capacitor so formed. 

(ii) Two metallic spheres of radii R and 2R are 
charged, so that both of these have same 
surface charge density o. If they are 
connected to each other with a conducting 
wire, in which direction will the charge flow 
and why? All India 2016 


(i) Derive the expression for the energy stored 
in parallel plate capacitor, Hence, obtain the 
expression for the energy density of the 
electric field. 

(ii) A fully charged parallel plate capacitor is 
connected across an uncharged identical 
capacitor. Show that the energy stored in the 
combination is less than stored initially in 
the single capacitor. Delhi 2015 
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NUMERICAL PROBLEMS 


45. 


47. 


48. 


A capacitor of unknown capacitance is 

connected across a battery of V volt. The charge 

stored in it is 360C. When potential across the 

capacitor is reduced by 120 V, the charge stored 

in it becomes 120 uC. 

(i) Calculate the potential V and the unknown 
capacitance C. 

(ii) What will be the charge stored in the 
capacitor, if the voltage applied had 
increased by 120 V? Delhi 2013 


In the circuit shown below, initially K, is closed 

and K, is opened, what are the charges on each 

of the capacitors? Then, K, was opened and K, 

was closed (order is important), what will be the 

charge on each capacitor now? 

[Given, C =1uF] NCERT Exemplar 
Ci=6C Kı Kə 


eah 
E=9V 
| aere 


A spherical capacitor has an inner sphere of 
radius 12 cm and an outer sphere of radius 
13 cm. The outer sphere is earthed and the inner 
sphere is given a charge of 2.5 uC. The space 
between the concentric spheres is filled with a 
liquid of dielectric constant 32. 
(i) Determine the capacitance of the capacitor. 
(ii) What is the potential of the inner sphere? 
(iii) Compare the capacitance of this capacitor 
with that of an isolated sphere of radius 
12 cm. Explain, why the later is much 


smaller. NCERT 


Figure shows two 
identical] capacitors 
C, and C,, each of 
2uF capacitance, 


i 
ERAR wl 
connected to a | | | 
battery of 5 V. 


Initially switch S is closed. After sometime, S is 
left open and dielectric slabs of dielectric 
constant K = Sare inserted to fill completely the 
space between the plates of the two capacitors. 
How will the (i) charge and (ii) potential 
difference between the plates of the capacitors 
be affected after the slabs are inserted? 

Delhi 2011 


2 uF 


49. 


50. 


51. 


52. 


| Allzwone | PHYSICS Class 124, 


A network of four capacitors each of 12 F 
capacitance is connected to a 500 V supply as 


shown in the figure. 
C2 
od Le, 
C4 


500 V 


Determine . 
(i) the equivalent capacitance of the network ang 


(ii) the charge on each capacitor. 
All India 2012, 2010 


Net capacitance of three identical capacitors in 
series is 1uF. What will be their net capacitance, if 
connected in parallel? 

Find the ratio of energy stored in these two 
configurations, if they are both connected to 
the same source. All India 2011 


Calculate the potential difference and the 
energy stored in the capacitor C, in the circuit 
shown in the figure. Given, potential at Ais 90 V, 
C,= 20uF, C,= 30uF, C3 = 15pF. Delhi 2015 


A12 pF capacitor is connected to a 50 V battery. 
How much electrostatic energy is stored in the 
capacitor? If another capacitor of 6 pF is 
connected in series with it with the same 
battery connected across the combination, find 
the charge stored and potential difference 
across each capacitor. Delhi 2017 


Two parallel plate capacitors X and Y have the 
same area of plates and same separation 
between them, X has air between the plates 
while Y contains a dielectric medium of £, = 4 


x Y 


+ - 
i 15V 
(i) Calculate the capacitance of each capacitoh 
if equivalent capacitance of the combinatio” 
» is 4uF. 
(ii) Calculate the potential difference betwee" 
the plates of X andY. 


(iii) Estimate the ratio of electrostatic energ 


stored in X and Y. Delhi 2016 


Electrostatic Potential and Capacitance 


54. Two capacitors of unknown cap 


55. 


56. 


acitances Ci 


eries and then in 
of 100 V. If the energy 


and C, are connected first ins 
parallel across a battery 
stored in the two combinations is 0.045 J and 
0.25 J respectively, then determine the value of 
C, and C,. Also, calculate the charge on each 
capacitor in parallel combination. All India 2015 


In the following arrangement of capacitors, the 
energy stored in the 6 uF capacitor is E. 
Find the value of the following 
(i) energy stored in 124 F capacitor. 
(ii) energy stored in 3u F capacitor. 
(iii) total energy drawn from the battery. 
| x Foreign 2016 


6 pF 


7 3 uF 
12 uF 3 


A capacitor of 200 pF is charged by a 300 V 
battery. The battery is then disconnected and 
the charged capacitor is connected to another 
uncharged capacitor of 100 pF. Calculate the 
difference between the final energy stored in 
the combined system and the initial energy 
stored in the single capacitor. Foreign 2012 


HINTS AND SOLUTIONS | 


1. (c) The maximum electric field that a dielectric medium 


can withstand without break down (of its insulating 
property) is called its dielectric strength; for air it is 
about 3x 10° Vm". 
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4. (c) The capacitance of parallel plate capacitor filled with 


dielectric block has thickness d; and dielectric constant 
K, is given by 
_. K, £A 
1 rda 
Similarly, capacitance of parallel plate capacitor filled 
with dielectric block has thickness d, and dielectric 
constant K, is given by 
K,€,A 
C,= 2~0 
2 a a 
Since, the two capacitors are in series combination, the 
equivalent capacitance is given by 


1 1 1 
Ss} 
C: Cpe G 
K,€)A K,€,A 
Teneo a gM ee, --(i) 
C, +C, KitoA , K:&A Kd, + Kd, 
d, d, 
But the equivalent capacitances is given by 
C= Ke,A 
d, +d, 
On comparing, we have, K = er a) 
K,d,+K,d, 


. (c) Capacitance of spherical conductor, C =4ne, -R 


.. Radius of conductor, R = =>C=1uF=1x10° F 


TE, 
1 P 
and =9x10° N-m/C? 
TE, 
R=1xX10° x9x10° 
= R=9x10°m =9km 


. (d) Current flows through 2Q resistance from left to 


right, is given by 


Wy OAS = 
2. (a)c = EA _ 8.85% iT ai 0.08 x 0.08 “Rar Sas” 
d 1x 10° The potential difference across 2Q resistance 
= cy = 885% 107% x 3.14% 08% .08% 100V V=IR=1x2=2V 
aia 1x 10° ) Since, capacitor is in parallel with 2Q resistance, so it 
=178x 10°C also has 2V potential difference across it. 
. The charge on capacitor 
3. (0) Cy = 4 =18 wall) q = CV =(4piF) x 2V = 8p 
g Note The potential difference across 2 Q resistance solely occurs 
Cx MA’ _ 72 wi) across capacitor as no potential drop occurs across 102 resistance. 
ap 7. (a) Two capacitors of 2 pF capacitance are connected in 
On dividing Eq. (ii) by Eq. (i), we get | series order, 
K 72 


Their equivalent capacitance, 


1 
“ Dielectric constant, K =12 CoP! Ga ah 38 


100 


10. 


11 


12. 


i Cs =1uF 
Now, C; =1uFand3 E-ca it ; 
parallel order. HF capacitors are connected in 


1 pF 


Equivalent capacitance between points A and B, 
Cas =Cs +C, =1+3=4 uF 
(b) On redrawing, the circuit is 


According to the circuit, C, and C, are in series, 

Le eae a ee => c=1yF 
C, 1 1 2 
Now, C, C, and C,are in parallel order. 


C. =C+C,+C,=7+1+1=254F 


equivalent 


(a) From the given graphs, find the voltages, V, and V5, 
on capacitors A and B corresponding to charge Q on 
each of the capacitors. Clearly, 


-2 Q 


Va = Cy and Vz = wn 
Va = OICs -GÀ 
V, O/C, Np 
Since, Vz > V4, C4 > Cp i.e., the capacitor A has the 
higher capacitance. 
(c) The charge on the capacitor is 
q = CV =900 x10 Fx100 V=9x10°C 


or 


The energy stored by the capacitor is 
= (1/2) CV? =(1/2) qV 
=1/2x 9x 10°Cx 100 V= 4:5 x 10° J 


Dielectrics are non-conductors and do not have free 
electrons at all. While conductor has free electrons 
which makes it able to pass the electricity through it, 


When a dielectric slab is introduced between the plates 
of charged capacitor or in the region of electric field, an 
electric field E, induces inside the dielectric due to 
induced charge on dielectric in a direction opposite to 
the direction of applied external electric field. Hence, 
net electric field inside the dielectric get reduced to 

E, — E,, where Ep is external electric field. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21, 


22. 


i.e. K = 


rein OF auti ni 298 Q: (+3) 
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The ratio of applied external electric field and reduce d 
electric field is known as dielectric constant K of 
dielectric medium, 


_ Fo and it is a dimensionless quantity, 


a Ep 
Line B corresponds to C, because slope (q / V) of Bis te 


than:slope of A. 


4nm€)Krr, 


Capacitance of a spherical capacitor, C = 
no-n 


-If 7, — n is increased, C decreases. 


>C 
i 

If a metal plate is introduced between the plates ofa 

charged parallel plate capacitor, then capacitance of 

parallel plate capacitor will become infinite. 


Work done by electrical forces in the process 
= Final stored energy - Initial stored energy 


2 (4m€,b) 818E, 


a b 


2C, 2C;  2(4m€,a) 
Polar dielectrics 
A polar dielectric has permanent electric dipole moment 
(p)in absence of electric field. 
Non-polar dielectrics 


A non-polar dielectric having zero dipole moment in its 
normal state. 


For this, the instrument must be enclosed fully ina 


metallic cover. This will provide an electrostatic 
shielding to the instrument. 


The body of the car is metallic. It provides electrostatic 
shielding to the person in the car, because electric field 
inside the car is zero. The discharging due to lightning 
passes to the ground through the metallic body of the 
No, the absence of 
prevents the phen 
potential leakage 


atmosphere around conductor 
omenon of electric discharge or 


have amas and hence, potential function do not 
“maximum or minimum in free space. 


This is because of ionisation caused by highly energetic 


Cosmic ray particles fr ihe 
om cosmo i itting ¢ 
atmosphere of the earth, s, which are hitting 


The capacitance of the 
with dielectric medium 
by, C= KeA 

rE 


parallel plate capacitor, filled 
of dielectric constant K is gi” 


Electrostatic Potential and Capacitance 


” Now, Foote 


24. 


The capacitance of the Parallel plate capacitor decreases 
with the removal of dielectric medium as for air or 
vacuum K =1. After disconnection from battery, charge 
stored will remain the same due to conservation of | 
charge. The energy Stored in an isolated charge 
capacitor = a 
2c 
As q is constant, energy stored œ 1/C, C decrease with 
the removal of dielectric medium, therefore energy 
stored increases. Since, q is constant and V = q/CandC 


decreases which in turn increases V and therefore E 
increases E = V /d. 


. Initially, when there is a vacuum between two plates, 


the capacitance of the plate is C, = a4, where A is the 


area of parallel plates. 


Suppose that the capacitor is connected to a battery, an 
electric field E, is produced. Now, if we insert the 
dielectric slab of thickness t=d/2, the electric field 
reduces to E. ' 


Now, the gap between plates is divided in two parts, for 
distance t, there is electric field E and for the remaining 
distance (d — t) the electric field is E,. 
If V be the potential difference between the plates of the 
capacitor, then V=Et+E,(d—-t) 

_Ed z E,d_d 


_d gee 
Soa ae! | A 


E€ E€ 


ent. 2Ke, A 
V d(K+1) 


After inserting the dielectric medium, let their 


We know that, 


. l ? 
capacitances become C, and C}. 


ForC, C{=KC (i) 
ForC, C= KiE (A12) was + Aa) 


C, acts as if two capacitors each of area A/2 and 


_ Separation d are connected in parallel combination 


vali) 


According to the problem, C; = C, 


= xo=c(S+4) 
2 
=> ca kite 
2 


25. (i) The system will be equivalent 


26. 


27. 


28 


29. 
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to two identical 
bination in which 


d in series com 
capacitors connecte tion half of 


two plates of each capacitor have separa 
the original separation. 
Thus, new capacitance of each capacitor 


1 
' EE ~*~ Ca— 
om i 
~ Cand C’ are in series. 
= _ 20x 2Ci_ c 
Pi 2042C 


Cre =C [original capacitor] 
(ii) System reduces to a capacitor whose separation 
reduces to half of original one. . 
‘. New capacitance, C’ = 2C 
After introducing the dielectric medium of dielectric 
constants K, and K,, capacitor acts as if it consists of 
two capacitors, each having plates of area A and 


separation — connected in series combination for 
2 


EA s 
C =e = 
wd 
1 1 1 
=> — = 
C, K? E&A K,&,A 
d/2 d/2 
i 1 1 1 1 
=> — = — + 
C4 (=$) (ż A 
d 
=> 7 es K, +K, 
Cz. 2C,\ K, K, 
=> C,=C, 2K, Ky 
K +K, 


The capacitors will be in series. 
Let q be the charge on the charged capacitor. 


“. Energy stored in it is given by U = a 

When another uncharged similar capacitor is connected, 

then the net capacitance of the system is given by 
C’=2Cc 

The charge on the system remains constant. So, the 

energy stored in the system is given by 


3 2 
, q q + 

U' = — = — SES 
2c’ 4C l ae 

Thus, the required ratio is given by — = g- Cok 

q./2C 2 

Refer to text on page 92. 

(i) Given, C = 2C,y (i) 


Net capacitance before filling the gap with dielectric 
slab is given by 

C initiat = Cy + C2 

Cintia =2C2 + C2 = 3C, 


[from Eq. (i)] 
...(ii) 
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Net capacitance after filling the gap with dielectric slab 

of electric constant K 

Cinitias =KC, + KC, =K(C, +C,) 

Cani =3KC, 

Ratio of net capacitance is given by 
Cotas op et [from Eqs. (ii) and (iii)] 
Co, SKG K : 

(ii) Energy stored in the combination before introducing 
the dielectric slab, 


[from Eq. (ii)) 
oe (ddi) 


2 


Vena “= wiv) 
2 


Energy stored in the combination after introducing the 
dielectric slab, i 


= 2% (v) 
Bees 
Ratio of energies stored 
U initia K [from Eqs. (iv) and (v)] 


30. (i) Refer to text on page 92. 
(ii) Refer to text on pages 88 and 92. `° 
3L Dielectric constant of water is much greater than that of 
mica because of the following reasons 
(i) water molecules have a symmetrical shape as 
compared to mica 
(ii) water molecules have permanent dipole moment. 


32. Yes, the man will get an electric shock, if he touches the 
metal slab next morning because the steady discharging 
current in the atmosphere charges up the aluminium 
sheet. As a result, its voltage rises gradually. The rise in 
voltage depends on the capacitance of the capacitor 
formed by aluminium slab and ground, 


33. Let the two capacitors be C, and C, capacitance will be 
maximum when connected in parallel, . 


ie. Cy +C, = 25 
Capacitance will be minimum when connected in series, 
Le. CC =4 

C,+C, 


Since, we are left with only two values 5 uF and 20 HF, 
So, the value of capacitances will be 5 HF and 20 pF, 
34. (i) Refer to text on page 88. 


(ii) The thickness of dielectric slab is d. i.e, 

l= d 
2 
The capacitance of a capacitor due to dielect 


ric slab js 
eA 
Cpe 
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35.. As the two conducting spheres are connected to each 


36, 


Charge density on sphere (2),6, = 


by a wire, the charge always flows from higher 
sani to lower potential till both have same 


potential. u) (2) 


Capacitance of sphere (1), C, = 47€,@ 
Capacitance of sphere (2), Cz = 41€,b 


Then, Charge Q, onC,,Q, =C,V | di 
and Charge Q, onC,, Q, =C,V wali 
where, V is the same potential on both the spheres. 
a ou. C [from Eqs. (i) and (ii) 
Q C: 
Putting the values of C, and C,, we get 
Q, 4N&a_a Q _a 


SLI (iii) 


Q, 4me,b b Q, b 
Charge _ Q 
Surface area 474° 


Q, 


4b 


Charge density on sphere (1),6, = 


> 
< 


[from Eq. (iii)] 


or Si; = b ...iv) 
GO, a 
The ratio of electric field on both spheres. 
E © _b : 
eae [from Eq. (iv)] 


As, charge density is inversely Proportional to radius. 
Thus, for flatter portions, the radius is more and at 
pointed ends, radius is less, so the charge density is 
more at pointed or sharp ends. 
Total energy stored in se 
Capacitors is equal to the 
individual Capacitors. In 
Stored in the capacitor 


ties or parallel combination of 
sum of energies stored in 
parallel combination, energy 


1 , : 
mech RAA ww) 


=i AC ya Ci 
Accord 2 (C, + C.) ? 
ccording to t , i 
same sọ, isi Westion, ener gY in both the cases 5 
(a+ a) AC ya 
C+C j? 
=> y? 


Electrostatic Potential and Cap 


37. 


38. 


39. 


acitance 
But C = La 
C; 2 
= C, = 2C, 


So, Vi = VM X 2C, = Vc, 
Vy C+ 2C; 3C 
(i) Refer to text on page 92. 


(ii) as to conservative nature of electric force, the work 
one in moving a charge in a close path in a uni 
I niform 
electric field is zero. i 
On introducing the dielectric slab to fill the gap between 


plates of capacitor completely when capacitor is 
connected with battery. 


olá 


(i) The capacitance of capacitor becomes K times of 


original capacitor. 
C’ = KC =10C 
(ii) The potential difference V between capacitors is same 
due to connectivity with battery and hence, charge q’ 
becomes K times of original charge as 


g’ =C’V’ =(KC)(V) = K(CV) 
= Kq =10CV 
(iii) Refer to text on page 92. 
The given figure is shown below. 


S 


When switch S is closed, the potential difference across 
capacitors A and B are same 


i Qa _ Qs 
.e. V = 5 = 2 
i.e T 
Initial charges on capacitors 
QO, =Q =CV 


When the dielectric is introduced, the new capacitance 
of either capacitor 

C’=KC 
As switch S is opened, the potential difference across 
capacitor A remains same (V volts). 
Let potential difference across capacitor B be V’. When 
dielectric is introduced with switch S open (i.e. battery 
disconnected), the charges on capacitor B remains 
unchanged, so 


Qp =CV=C'V" 
C V 
‘= —V =— volt 
=> V r K 


Initial energy of both capacitors 
u, =tev?++cv2=cv? 
2 2 


Final energy of both capacitors 
1 2 1 aye? 
=—C'V"+-CV 
Uy A 3 


40. 


Al. 


42. 
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= LikC) v? + LKC) 5 
2 2 K 
= cy? [x r A 
2 K 
la 
=l oy? K* +1 
2 K 
ANEEL cv? 2K 
= : ; 
S, loy | K+ Kow 
2 K 
(i) Refer to text on page 87. 


(i) 2 = *, 

92 1 
Here, we can use the concept that the work done in 
displacing the plates against the force is equal to the 
increase in energy of the capacitor. 
Let the distance between the plates be increased by a 
very small distance Ax. The force on each plate is F. The 
amount of work done in increasing the separation by 


Ax, ise. 


W=F-Ax sk) 
Increase in volume of capacitor 
= Area of plates x Increased distance 
= Å- Ax 
u = Energy density = Energy: 
Volume 


Increase in energy =u X volume =u: A` Ax (ii) 
As, energy = work done (W) 


=> F-Ax=u‘A-Ax [from Eqs. (i) and (ii)] 


=> F=urA 

= leE’ ‘A E u= LE and E = A 

2 2 ( 
ye 

slatra r 
2 d’ d d 2 
1 LY EA n 

==) >V = -QE ~C=—>,CV=0 
foe an | d e] 


When a capacitor is placed in an external electric 
field, the free charges present inside the conductor 
redistribute themselves in such a manner that the 
electric field due to induced charges opposes the 
external field within the conductor. This happens 
until a static situation is achieved, i.e. when the 


(i) (a) 
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two fields cancel each other and the net 
electrostatic field in the conductor becomes zero. 


Conductor 


(b) In contrast to conductors, dielectrics are 
non-conducting substances, ie. they have no 
charge carriers. Thus, in a dielectric, free 
movement of charges in not possible. It turns out 
that the external field induces dipole moment by 
stretching molecules of the dielectric. The 
collective effect of all the molecular dipole 
moments is the net charge on the surface of the 
dielectric which produces a field that opposes the 
external field. However, the opposing field is so 
induced, that does not exactly cancel the external 
field. It only reduces it. The extent of the effect 
depends on the nature of dielectric. 


~Eq + 


Dielectric 
Both polar and non-polar dielectrics develop net 
dipole moment in the presence of an external. field. 
The dipole moment per unit volume is called 
polarisation and is denoted by P for linear isotropic 
dielectrics. 
P=yxE 
where, % is constant of proportionality and is called 
electric susceptibility of the electric slab. 
(ii) (a) At point C, inside the shell, electric field inside a 

spherical shell is zero, 

Thus, the force experienced by charge at centre C 

will also be zero, 

“e Fo = gE (Einside the shell = 0) 

Fo =0 


At point A, |Fa| = z| 


1 3Q/2 
ÁN Ep 222] 
3Q? 
Anex?" 
(b) Electric flux through the shell, 


F= 


away from shell, 


¢ alai magnitude of charge enclosed by shell 
£o 
Eo 2 28 
43. (i) According to the question, 


(a) Electric field due to a plate of positive charge at 
point 
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o 
P= — 


2£5 
Electric field due to other 


late =< 
ate = —— 
j 285 
Since, they have same 4 
direction, so 
o o o 
Eco a 8 Be 
2e;, - 28 £o 
Outside the plate, electric field will be zeis 
because of opposite direction. 


(b) Potential difference between the plates is given 


od 
by V = Ed=— E=% 
Eo è 
(c) Capacitance of the capacitor is given by 
LQ_SA, _&A 
-V od d 


(ii) According to question, 


Potential at the surface of radius R, 


kq n 
= Sq =O X4F 

R [iq ] 
= = = ok4nR = 4konR 


Potential at the surface of radius 2R, 


r_k 2 
V E (gq =O X 4n(2R)* = 160 nR] 


So, V’= 


Since, the potential of bigger sphere is more. $ 


charge will flow from sphere of radius 2R to sphere af 
radius R. 


44. (i) Refer to text on page 92, 


(ii) Initially, if we consider x it 
k ` ach -then its 
charge would be charged capacitor 


Q=CV 


a— Hke 


c 
and energy stored, U, = toy: wll) 
Then, this charged ca $ itir cted 
uncharged sue Pacitor is conne 


L j 

from o common potential be V,. The charge flows 

the capa ee bees to the other capacitor unless P°" | 
Pacitors attain common potential 


Electrostatic Potential and C 


apacitance 


C.V, 


C. V, 
Q, =CV, and Q = CV, 
Applying conservation of charge, Q = Q, +Q, 
= CV =CV, +CV, 


7 
> V=V +V, E 


r 1 1 
Total energy stored, U, = sow + yl 


LTR) 1 [VÑ 
= ze( 4 (5) => U, =-cy? (ii) 
From Eqs. (i) and (ii), we get 
U,<U; 


Hence, energy stored in the combination is less than 
that stored initially in single capacitor. 


45. (i) We have initial voltage, V, =V volt 


46. 


and charge stored, Q, =360uC 


Q, =CV, ...(i) 
Charged potential, V, =V —120 

Q, =120 uC 
=> Q, =CV, ..(ii) 


By dividing Eq. (ii) from Eq. (i), we get 
Q CV, ,360__ V 
Q, CV, 120 V-120 


=> V=180 V 
-6 
C= Q, _360x10 = 2x10“ F 
V, 180 
=2uF 


Hence, the potential, V=180 V and unknown 
capacitance is 2uF. ` 

(ii) If the voltage applied had increased by 120 V, then 
V,=180 +120 = 300 V 


Hence, charge stored in the capacitor, 
Q, = CV, = 2x10 x 300 = 600 uC 
In the circuit, when initially K, is closed and K, is 


opened, the capacitor C, and C, acquire potential 
difference V, and V,, respectively. So, we have 


V, +V, =E 
and V, +V, =9V. 
Also, in series combination, V «1/C 

V, : V, =1/6:1/3 


On solving, 
> V, =3V and V, =6V 
; Q, =C, V, =6uC x 3V 
=18uC (°C =1 pF) 


> Q, =C,V, =3 uC x 6V =18pC 
and Q, =0 


105 


When K, was opened and K, was closed, the parallel 
combination of C, and C, in series with C,. 


[Charge on C, remains unchanged] 

i.e. Qí =Q, =18uC 

Charge on C, is shared between C, and C, in parallel. 
As, C,=C, 


[- Q, =18 uC] 


- Radius of inner sphere, ,, =12cm 


Radius of outer sphere, r, =13cm 
and charge on inner sphere, q= 2.5 uC 
The dielectric constant, K = 32 


(i) Capacitance of a spherical capacitor, 


ca sReoKin 1 32x12x13x1074 
h-% 9x10" (13—12)x107? 
=5.5x 10° F 
(ii) Electric potential of inner sphere, 
= 45x 10°V 
(iii) Capacitance of an isolated sphere of radius, r = 12cm 
1 2 
C=4ne r = zX 12x 107° 
9x 10 


= 1.33x 107" F 


The capacitance of an isolated sphere is much smaller 
as compared to the spherical capacitor because the 
outer sphere is earthed. The potential difference 
decreases and hence the capacitance increases. 


48. Two identical capacitors C, and C, get fully charged 


with 5 V battery initially. 


So, the charge and potential difference on both 
capacitors becomes 


q=CV 
=2x10 É X5 V =10uC 
and V=5V 


On introduction of dielectric medium of K = 5, 
For C, (Continue to be connected with battery) 
Potential difference of C,, V’=5 V 
Capacitance, Cf = KC =5 x 2=101F 
Charge, q’ = C'V’ =10x5 = 50)1C 
For C, (Disconnected from battery) 

Charge, q’ = q =10,1C 


<. Potential difference, V’ = aa -=1V 
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1 
49. (i) h : ee eet in series, therefore, their ee z = $ a k D, 
a R N pl pte Se 
Goi Gn Oxy G ee e 
a velalla in attin 
3 3 => Ca - 60 60 
Now, C’ and C are in parallel combination. 0_ 20 
Ca HO’ C => Ca* pa 


=4 pF +12yF =16 uF 


RR : , ‘ in series combination, 
(ii) Being C’ and C are in parallel, 500 V potential oe 


Since, charge remains 


A h 20 
difference is applied across:them. s Q=Ca V = 7*0 
z 7 0, eq 3 
<. Charge on C j 
qı =C’V =(4 pF) x 500 = 2000 uC = Q=600 HC 
i. C,» C, and C, capacitors each will have 2000 pC = 600x 10 °C 
charge. =6x10“°C 
<. Charge on Cy, q =C XV Q 
=12x 500 = 6000 C -Potential difference across C, = v. 
50. If n identical capacitors, each of capacitance C are í 
connected in series combination givè equivalent SH yiL 
== 
capacitance, C, = E and when connected in parallel C 
n -4 
combination, then equivalent capacitance, C, = nC- => — ja —; = 20V 
Also, for same voltage, energy stored in the capacitor is 30 x 10 
given by . Energy stored in capacitor C, is given by 
U= 1 oy? [for V = constant] E= L CV: 
2 i 2 
= eae | = 5% 30x10" x (20)" 


C.. 
In series combination, C, = P 
=> C, =1 pF 
= C=nC, =3X1HF =3pF 
In parallel combination, C, = nC =3x3=9)F 
For same voltage, U = G 


1 
= —x30x400x10° E 

[e n=3] 2 

=6x10°J 


52. Energy stored in capacitor =ic ive 
2 


51. 


U, = Ce f = 1 -h2 2 -9 
=> U, eS = mle x0 x (50) =15 x10 J 

U, _ Cin. As With other capacitor 6 pF in series. 
= U, nC n? Total capacitance (C) 

Uu, 1 _1l -CXC 6k17 olaxe phg 
= U, 6 9 C+C 6412 a E 

Char in CaN: ; 

or U, :U, =1:9 ae each capacitor is same and is given bY 


Consider the given figure, — 


popF 30pF 15HF 
tt} SIE 
Cı C2 C3 = 


G= 20uF, Cz =30uF, C, =15uF 


Given, 
90V 


Potential at A = t : 
As, we can see that capacitor C, is earthed, therefore, 


potential across C, will be zero. 
Since, capacitors C,,C, and C, are connected in series, 


therefore 


=4 X10" x50C=2x 10C 


Each of the capacitors will have charge equal to Q 


=2x10 "C 
Potenti 
E R C a 


— 
C, 12 x107? 
Potential on cap 


V =1667 V 


2x10" . 
6x107 “733.33 V 


al on capacitors with capacitance 12 pF is 


acitor with capacitance 6 pF is 


Electrostatic Potential and Capacitance 


53. According to question, let the ¢ 


a ki 7 
capacitance of Y =€, C <40 pacitance of X be C, so 


[e, =4] 
(i) Equivalent capacitance = © X4C 
C+4C 


[7 X and Y are in series] 


4C AALE 
E T and it is given that = =4uF 
So, 4C = 20uF = Ei ofY 
Capacitance of X=C = =5 uF 
(ii) Charge flowing Sean the capacitor is given by 
4C 
a ear ss x15 60 uC 


Now, let the potential difference between plates of 
capacitors X and Y are V, and V,» respectively. 


60 
So V, = =% -12V 
Cs 5 
and V; z4 = 9 =3V 
Cc 20 
y 
(iii) Electrostatic energy stored in capacitance 
X(E,)= sev i) 
S aD er 3 . 
Similarly for Y, E , = rence (ii) 


From Eqs. (i) and (ii), we get 


isa Eee V? _ 12x12 
=it=2 = os 
3 aa 4V; 4x3x3 


54. When the capacitors are connected in parallel, 
equivalent capacitance, Cp = C} + C3. 
The energy stored in the combination of the capacitors, 


pe =Cpv? = st + C,) (100)? = 0.25] 
= C, +C, =5 x10" (i) 
When the capacitors are connected in series, equivalent 
capacitance, 
c. Like 
if GtG 
The energy stored in the combination of the capacitors, 
2 
E; = -Cs V 
1 “0C; 2 
=> E, =- (100) 
5S 26, 4+C, 
re - (100)? = 045 
2 5x10 
> C C, =0045x107^x5Xx107 x 2 


=45x107 
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(C, -C,) =(C, +,” -4C,C, 
= (C-C, =25x10 " -4 «4.5x10 "° 


=7 x10" 
=> (C,-C,)= 7x10" = 264 x10°° 
= C,-C,=264x10° ...(ii) 


On solving Eqs. (i) and (ii), we get 
C, =35 uF and C, =15 pF 
=> Q,=C,V=35x10° x100 


=35x10 *C 
and Q, =C,V =15 x10 f x 100 
=15x10 ÍC 


55. (i) As given in the question, energy of the 6 pF capacitor 
is E. Let V be the potential difference along the 
capacitor of capacitance 6 pF. 


Now, seve =E 
Z xoxo“ xV?’ =E 


=> y?’ = = x 10° (i) 


Since, potential is same for parallel connection, the 
potential through 12 uF capacitor is also V. Hence, 
energy of 12 uF capacitor is > 


Ey = 12x10 x V? [from Eq. (i)] 


= 5x 12x10" x = x 10° = 2E 


(ii) Since, charge remains constant in series, the charge 
on 6pF and 12 uF capacitors combined will be equal to 
the charge on 3 pF capacitor. 


Using the formula, Q = CV, we can write 
= (6+12)x10° x V=3x10° x V’ 
V’=6V 
Squaring on both sides, we get 
Vv" =36V" 
Putting the value of V* from Eq. (i), we get 
V” = 36x ; x 10° 


= Vv"? =12B x10 
E, = 5X 3X10 X12E x 10° 


=18E 
(iii) Total energy drawn from battery is 
E ont =E+ Ey, + E; 
=E +2E +18E 
= 21E 
56. 3x10% J; refer to Example 16 on page 94. 


SUMMARY 


2 Electrostatic Potential It is the amount of work done (w) in 
moving a unit positive test charge (q) without acceleration form 
infinity to that point against the electrostatic force 


yer 


q 
lts SI unit is volt (V) and 1V =1J/C. 
Electrostatic Potential Difference Electrostatic potential 
difference between two points P and Q is equal to the work 
done (Woe) by external force in moving a unit positive charge 
(qo) against the electrostatic force from point Q to P along any 
path between these two points 
Moe 
qo 

Its SI unit is volt and 1V = 1JC7!. 

Electric Potential due to a Point Charge 


q 
4ne€ of 


AV = 


It can be given as, V= 


Here, r is distance of the point from the charge. 

Electrostatic potential at any point P due to a system of n point 

charges q,.qz,---- q, whose position vectors are f, f2, -+n 

respectively, is given by” i 

yac 5 
ANE i=1 | r =r;| 

where, r is the position vector of point P w.r.t. the origin. 

« Electrostatic potential due to a thin charged spherical shell 
carrying charge q and radius R respectively, at any point P 
lying 

i) inside the shell isV = _| 
1 Ane, R 


; 1- g 
ji Ilis V =——-= 
(ii) on the surface of shell is GE R 


Lorre >R 


1 
iii he shell is V =——— 
(iii) outside the ake, T 


where, ris the distance of point P from the centre of the 


shell. 
« Electrostatic potential due to an electric dipole at any point P 
whose position vector is r w.rt. mid-point of dipole is given by 


P 
r 
0 
4 o P +q 
| 2a —_——I 
_ 1 peos® 1 p? 
Atego r’ 4ne, |r|? 


n 


gle between f and p. 
Any surface which has same | 
every point is called an equipontentia 


where, 8 is the an 
Equipotential Surfaces 
electrostatic potential at 


surface. l 
Equipotential Surface in Different Cases The equipotential 


surface can be obtained for different cases: 


(i) For a point charge, it is spherical surface. 
itis plane surface. | 


(ii) Fora uniform electric field, 
d and Electrostatic Potential 


Relation between Electric Fiel 
It can be given as, E =- a = — (Potential gradient) \ 
ates that the direction of electric fielg 


where, negative sign indic 
lower potential, i.e. in the direction of 


is from higher potential to 
decreasing potential. 
Electrostatic Potential Energy of a System of Charges Itis 
defined as, the total work done in bringing the different 
charges to their respective positions from infinitely large mutual 
separations. 
Due to System of Two Point Charges It can be given by, 

U = W = kq; q2 

h2 


Due to System of Three Point Charges It can be given by, 
f 3 3 qa; | 


K 
Y= 2 2 fi 
j#1 


Potential Energy of a Dipole in an External Field Potential of 
a dipole in an external field can be given as, 

U = pE(cos 0, —cos 05) 
Here, 8, and 0, are initial and final orientations of the dipole. 
Conductors and Insulators 
Conductors These are those materials through which electne 
charge can flow easily. f 
The process which involves the making of a region free from < 
electric field is known as electrostatic shielding. 
Insulators Insulators are those materials through which elect 
charge cannot flow. 
Dielectric and Polarisation 
Piola Constant It is the ratio of the strength of applied 
eis field to the strength of reduced value of electric field 0" 
placing me dielectric between the plates of a capacitor. i 
mh tie eae The maximum electric field that a dielec | 

and wi j its di 

ali without breakdown is called its diele™ | 
Polarisation The induced di 
volume in a dielectric sl 
called polarisation. 


fil 
pole moment developed pe 5 


ab on placing it in an electric f€ | 


Electrostatic Potential and Capacit 


ance 


Electric Susceptibility Polarisation 
is directly Proportional to the reduced value of electric field. i.e. 
P = yx€E: where x is called electric Susceptibility. 


Capacitors and Capacitance A Capacitor is a system of two 
conductors separated by an insulating medium. 


The capacitance of the capacitor, C = Q 
V 
In SI system unit of capacity is farad. 
Parallel Plate Capacitor Capacitance of a parallel plate 
capacitor can be given by, C = sA 


Effect of Dielectric on Parallel Plate Capacitor On 
introducing a dielectric between the parallel plates, 
capacitance can be given by, 


c = EKA 
d 


, where K is the dielectric constant 


Combination of Capacitors 
In parallel combination, 


density of a dielectric slab » 
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Cog =C,+Cz+ Frases +C, 
In series combination, 


The energy Urstored in a capacitor of capacitance.C, with 
charge q and voltage Vis, 
unt ate -É 
2 2 2C 
The electrostatic energy density (energy per unit volume) in a 
region with electric field E is 


lec e2 
=— £E 
z E0 


CM, + CVs 
C+G 


Common potential It can be given as, V = 


Loss of Energy in Sharing Charges 
AU -QC (VV, -V>)° 


It can be given as, 
2 C+C) 


CHAPTER 
| PRACTICE 


OBJECTIVE Type Questions 

{. 1f100 J of work has to be done in moving an 
electric charge 4 C from a place where potential 
is —10 Vto another place where potential is V 


volt, find the value of V. 
(a) 5V (b) 10 V (c) 25V 


2. Inan electric field with E =0, the potential V 
varies with the distance r as 

(b) Veer 

(d) V will not depend on r 


(d) 15 V 


(ay V<+ 
r 
(c) V = 1/r* 
3. Acar battery is charged by a 12 V supply and 


energy stored in it is 7.20 10°J. The charge 


passed through the battery is 
CBSE 2021 (Term-f) 


(b) 5.8x 10° J 


(a)6.0x 10* C 
(d)1.6x 10° C 


(c)8.64x 10? J 


4. Two charges 3 x10 Cand - 2x 107 Clocated 
15 cm apart. At what point on the line joining 
the two charges is the electric potential zero? 
(a) 9cm (b) 45 cm 
(c) 18 cm (d) Both (a) and (b) 


5. Four charges —q, -q,+q and +q are placed at 
the corners of a square of side 2 Lis shown in 
figure. The electric potential at point A mid-way 
between the two charges + q and + q is 

CBSE 2021 (Term-1!) 


+q -q 


a ahad p 
(c) 4ne, 2L ( a (d) zero 


6. The electric potential V at any point (x, y, z)is 
given by V = 3x7, where x is in metres and V in 


volts. The electric field at the point (1m, 0, 2 m) 


R CBSE 2021 (Term) 


(a) 6 V/m along — X-axis 
(b) 6 V/m along +X-axis 
(c) 1.5 V/m along — X-axis 
(d) 1.5 V/m along + X-axis 


7. Which of the following is not the property of 


equipotential surface? CBSE SQP (Term-}) 


(a) They donot cross each other. 

(b) The rate of change of potential with distance on 
them is zero. . 

(c) For a uniform electric field, they are concentric 
spheres. 

(d) They can be imaginary spheres. 


8. Equipotentials at a large distance from a 
collection of charges, whose total sum is not 
CBSE 2021 (Term-I 
(b) planes 
(d) paraboloids 


zero are 
(a) spheres 
(c) ellipsoids 

9. Three equipotential surfaces are shown in 
figure. Which of the following is correct one for 
the corresponding field lines? 


\ ft 
V iso 
1 ae” em i 
1 aa 
‘ i 
10V 8V 6v 8V 6V 10V 
`N, \ ` N \ \ 
eee a a ee ee ad 
j ' 


i 


a 
; 
ay g fb a 
° , 


0V 8V ogy 
\ \ \ 
Pa a S 
o 4E (d) None of these 


aN a 


Sf deb 


Electrostatic Potential and Capacitance 


10. The electrostatic potential on the surface of a 


il 


12. 


13. 


charged conducting sphere is 100V. Two 
statements are made in this regard 


S, At any point inside the sphere, electric 
intensity is zero. 


S, At any point inside the sphere, the 

electrostatic potential is 100V. i 

Which of the following is a correct statement? 

(a) S, is true but S, is false NCERT Exemplar 

(b) Both S, and S, are false 

(c) S, is true, S, is also true and S, is the cause of S, 

(a) S, is true, S, is also true but the statements are 
independent 

Two charges 141C and—4 uC are placed at 

(-12 cm, 0, 0) and (12 cm, O, 0) in an external 


electric field E = (4) where B = 1.2 10° N/cm? 
r 


andr is in m. The electrostatic potential energy 


of the configuration is CBSE 2021 (Term-I) 
(a) 97.9 J (b) 102.1 J 
(c) 2.1-J (d) — 97.9] 


A+ 3.0nC charge Qis initially, at a distance of 
n =10 cm from a+ 5.0nC charge q fixed at the 
origin. The charge Q is moved away from qtoa 
new position atr, =15cm. In this process, work 


done by the field is CBSE 2021 (Term-I) 
(a)1.29x 107° J (b) 3.6 10° J 
(c)—4.5x 107 7J (d)4.5x 10° 7J 


On bringing an electron near to other electron, ` 
the potential energy of the system 

(a) decreases (b) increases 

(c) remains same (d) becomes.zero 


14. An electric dipole of length lcm is placed with the 


15. 


axis making an angle of 30° to an electric field 
of strength 10‘ N/C. If it experiences a torque of 
10/2 Nm, the potential energy of the dipole is 


(a) 0.245] . (b) 2.45) 
(c) 24.5] (d) 245.0J 
What is the value of capacitance if a very thin 
metallic plate is introduced between two 
parallel plates of area A and separated at 
distance d ? 

A (gy 4A gy 0A 
(a) €,A/d (b) = (c) y F 


16. A parallel plate capacitor has a uniform electric 


field (Vm) in the space between the plates. If 
the distance between the plates is d(m) and area 


aT 


of cach plate is A(m’), the energy (joule) stored 
in the capacitor is 


(a) TEE? (b) e, BAd 
(c) eoB Ad (d) E? Adje, 


17. A variable capacitor is connected to a 200 V 
battery. If its capacitance is changed from 2uF 
to X uF, the decrease in energy of the capacitor 
is2x 10° 7J. The value of X is CBSE 2021 (Term-}) 
(a) 1 uF (b) 2uF 
(c) 3 uF (d) 4 uF 


18. Two parallel plate capacitors X and Y, have the 
same area of plates and same separation 
between plates. X has air and Y with dielectric 
of constant 2, between its plates. They are 
connected in series to a battery of 12 V. The 
ratio of electrostatic energy stored in X andy is 

CBSE SQP (Term-]) 
(a) 431 (b) 1:4 
(c) 2:1 (d)1:2 


19. If the charge on each plate of a capacitor of 
60 uF is 3 x 10-*C. Then, energy stored in the 
capacitor will be 
(a) 2509109] (b)15x107 7 
(c)35x10° J (d)75x107 J 
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‘Three capacitors 2 uF; 3 uF and 6 uF are joined 
in series with each other. The equivalent 


capacitance is CBSE SQP (Term-} 
(a)1/2 uF (b) 1 uF 
(c) 2 uF (d)11 uF 


21. A capacitor plates are charged by a battery with 
V volts. After charging battery is disconnected 
and a dielectric slab with dielectric constant K 
is inserted between its plates, the potential 
across the plates of a capacitor will become 

CBSE SQP (Term-l) 

(a) zero (b) V/2 
(c) V/K (d) KV 


ASSERTION AND REASON 


Directions (Q. Nos, 22-32) In the following questions, two 
statements are given- one labelled Assertion (A) and the other 
labelled Reason (B). Select the correct answer to these questions . 


from the codes (a), (b), (c) and (d) as given below 


(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 
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22. 


24. 


25. 


26, 


27. 


(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 


(c) Assertion is true but Reason is false. 
(d) Assertion is false but Reason is true. 


Assertion Work done by the electrostatic force 
in bringing the unit positive charge from 
infinity to the point P is positive. 


P ose 
ee r ne co 
e- ar 
08 r P +1C 
Q(< 0) 


Reason For Q< 0, the force on unit positive 
charge is attractive, so that the electrostatic 
force and the displacement (from infinity to P) 
are in the same direction. 

Assertion A and B are two conducting spheres 
of same radius. A being solid and B hollow. Both 
are charged to the same potential. Then, charge 
on A=charge on B. 


Reason Potential on both are same. 


Assertion There is no potential difference 
between any two points on the equipotential 
surface. 


Reason No work is required to move a test 
charge on the equipotential surface from one 


point to other. 

Assertion The expression of potential energy 

U = wb Bi 4192, is unaltered whatever way the 
ANE "2 

charges are brought to the specified locations. 

Reason Path-independence of work for 

electrostatic force. 


Assertion An electron has a high potential 
energy when it is at a location associated with a 


more negative value of potential and a low 
potential energy when at a location associated 


with a more positive potential. 

Reason Electrons move from a higher potential 

region to lower potential region. 
CBSE SQP (Term-1) 

Assertion In the absence of an external electric 

field, the dipole moment per unit volume of a 

polar dielectric is zero. 

Reason The dipoles of a polar dielectric are 

randomly oriented. 
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28. Assertion Polar molecules have permanent 


29. 


30. 


31. 


32. 


dipole moment. 

Reason In polar molecules, the centre of 
positive and negative charges coincides even 
when there is no external field. 


Assertion Charge on all the condensers 
connected in series is the same. 

Reason Capacitance of capacitor is directly 
proportional to charge on it. 

Assertion An electron moves from a region of 
lower potential to a region of higher potential 
Reason An electron has a negative charge. 


Assertion A parallel plate capacitor is 
connected across a battery through a key. A 
dielectric slab of dielectric constant K is 
introduced between the plates. The energy 
which is stored becomes K times. 


Reason The surface density of charge on the 
plate remains constant or unchanged. 


Assertion If three capacitors of capacitances 
C, < C, < C, are connected in parallel, and in 
series then their equivalent capacitances. 


CASE BASED QUESTIONS 


Directions (Q.Nos. 33-34) These questions are cast stuh 
based questions. Attempt any 4 sub-parts from each questios 
Each question carries 1 mark. 


33. 


Proton in an Electric Field 
Potential difference (AV) 


between two points A and B 4—5 
separated by a distance X,ina +H ———— 
uniform electric field E is given 

by AV = - Ex, where x is \ ane 


meinung parallel to the field + eos ze 
ines. If a charge q moves from P Aam 


Ato B, the change in potential 
energy (AU) is given as AU = JAV . A proton E 
released from rest in uniform electric field 0 
magnitude 8.0 x 104 Vm"! directed along the 
ae X-axis. The proton undergoes a 
isplacement of 0.50 m in the direction of E- 


Electrostatic Potential and Capacitance 


Mass of a proton = 1.66x 10> 27 kg 


and charge on a proton = 16x 10°" Ç. 


With the help of the passage given above, 


choose the most appropriate alternative for 
each of the following questions. 


(i) As the proton moves from Ato B, then 
(a) the potential energy of proton decreases 
(b) the potential energy of proton increases 
(c) the proton loses kinetic energy 
(d) total energy of the proton increases 


(ii) The change in electric potential of the 
proton between the points A and Bis 


(a) 4.0x 10° V (b) - 4.0x 10° V 
(c) 64x 107° Vy (d) -64x 10°" y 

(iii) The change in electric potential energy of 
the proton for displacement from Ato Bis 
(a) - 6.4x 107" J (b) 64x 107” J 
(c) - 6.4x 107 J (d) 6.4x 107 J 

(iv) The velocity (vp) of the proton after it has 
moved 0.50 m starting from rest is 
(a) 1.6x 10° ms ™! (b) 2.77x 10° ms™ 
(c) 2.77x 10 ms™ (d) 1.6 10° ms ™ 

(v) If in place of charged plates, two similar 


point charges of 1 uC are kept in air at Im 
distance from each other. Then, potential 


energy is 
(a)1J (b) 1eV 
(c¢)9x10J (d) zero 


Electrostatic Potential Energy i 
Electrostatic potential energy of a system of 
point charges is defined as the total amount of 
work done in bringing the different charges to 
their respective positions from infinitely large 
mutual separations. 


By definition, work done in carrying charge 
from < to any point is 


W = Potential x Charge 


This work is stored in the system of two point 
charges in the form of electrostatic potential 


energy U of the system. 

(i) Work done in moving a charge from one 
point to other inside a uniformly charged 
conducting sphere is 
(a) always zero 
(b) non-zero 
(c) may be zero 
(d) None of the above 


Í13 


(ii) A positively charged particle is released 
from rest in an uniform electric field. The 
electric potential energy of the charge 
(a) remains a constant because the electric field is 
uniform 

(b) increases because the charge moves along the 
electric field 

(c) decreases because the charge moves along the 
electric field 

(d) decreases because the charge moves opposite 
to the electric field 

(iii) Three charges are placed at the vertex of an 
equilateral triangle of side | as shown in 
figure. For what value of Q, the electrostatic 
potential energy of the system is zero? 


+0 
+q +q 
(a) =q (b) q/2 
(c) —2q (d) —q/2 


(iv) In the figure, proton moves a distance d in a 
uniform electric field E as shown in the 
figure. The work done on the proton by 
electric field is 


© 
p 
|g — 


(a) negative (b) positive 
(c) zero (d) None of these 

(v) Two similar positive point charges each of 
2uC have been kept in air at 3m distance 
from each other, What will be the potential 


energy? 
(ty (b) 1 eV 
(c)12X107 * J (d) zero 


VERY SHORT ANSWER Type Questions 
35 Determine the work done in moving a test 
* charge q through the distance 1 em along the 
equatorial axis of an electric dipole. 


36 Why there is no work done in moving a charge 
* from one point to another on an equipotential 


surface? Foreign 2012 


Draw the equipotential surfaces due to an 


37. isolated point charge, CBSE 2019 
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38, Draw equipotential surface for an electric 
dipole. CBSE 2019 

39. A proton released from rest in an electric field, 
will start moving towards a region OF ss... 
potential in the field. CBSE 2020 


40. Depict equipotential surfaces due to an electric 
dipole. CBSE 2020 


41, A charge particle (+ q) moves in a uniform 
electric field E in the direction opposite to E. 
What will be the effect on its electrostatic 
potential energy during its motion? CBSE 2020 


42. Assume a charge starting at rest on an 
equipotential surface is moved off that surface 
and then is eventually returned to the same 
surface of rest after a round trip. How much 
work did it take to do this? Explain. 


43. Do electrons tend to go to regions of high 
potential or low potential? 


4-4. A proton is released at rest in a uniform electric 
field. Does the proton’s electric potential energy 
increase or decrease? 

Does the proton move towards a location with a 
higher or lower electric potential? 


45. What is the net charge ona charged capacitor? 


46, Two circular metal plates, each of radius 10 cm, 
are parallel] to each other at a distance of Imm. 
What kind of capacitor do they make? Mention 
one application of this capacitor. 


47. A metal plate is introduced between the plates 
of a charged parallel plate capacitor. What is its 
effect on the capacitance of the capacitor? 


SHORT ANSWER Type Questions 
48, Draw three equipotential surfaces 
corresponding to a field that uniformly increase 
in magnitude but remains constant along 
x-direction. 
How are these surfaces different from that of a 
constant electric field along x-direction? 


49, Two point charges 5 pC and -5C are placed at 
points A and B, 5 cm apart. 
_ (i) Draw the equipotential surface of the 


system. o. 
(ii) Why do equipotential surfaces get close to 
each other near the point charge. 
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50. Deduce an expression for the potential ener 
of a system of two point charges q, andq, 
located at positions r, and 7, respectively in a, 
external field (E). CBSE SQP (Term,y 


5{, The plates ina parallel plate capacitor are 
separated by a distance d with air as the 
medium between the plates. In order to 
increase the capacity by 66% a dielectric slab g 
dielectric constant 5 is introduced between the 
plates. What is the thickness of dielectric slab? 


52, A parallel plate capacitor with air as dielectrici, 
charged by a DC source to a potential V. 
Without disconnecting the capacitor from the 
source, air is replaced by another dielectric 
medium of dielectric constant K. State witha 
reason, how does ` 

(i) electric field between the plates and 
(ii) energy stored in the capacitor change? 


53, Aslab of material of a dielectric constant K has 
the same area as that of plates of a parallel 
plate capacitor but has the thickness 2d/3, 
where d is separation between the plates. 


Find the expression of the capacitance when 
the slab is inserted between the plates of the 
capacitor. 


LONG ANSWER Type I Questions 


54.. Two isolated metallic solid spheres of radii R 
and 2R are charged such that both of these havé 
same charge density o. The spheres are located 
far away from each other, and connected by 4 
thin wire. Find the new charge density on the 
bigger sphere. 


55, (a) Draw the equipotential surfaces . 
corresponding to a uniform electric field" 
the z-direction. 

(b) Derive an expression for the electr! 
potential at any point along the axial line ° 
an electric dipole. cBsE 20 

56. (a) Draw equipotential surfaces correspond 

to the electric field that uniformly incre? 
3 aig magnitude along with the z-directio™ 
( ) ms charges -q and +q are located at p 

(0, O, ~a) and (0, 0, a). What is ' 

electrostatic potential at the points ol 

(0, 0, +z) and (x, y, 0)? cBsE? 


Electrostatic Potential anq Capacitance 


57. (a) Two point charges + Q; and - Q, are placed r 


distance apart. Obtain the expression for the 
amount of work do 


Q; at the mid-poi 
two charges. 

(b) At what distance 
line joining the tw 
Q, andr) will this 


from charge +Q, on the 
o charges (in terms of Q1, 
work done be zero? 


CBSE 2020 
and q, are kept at a 


educe the expression 
otential energy of this 


58. (a) Two point charges q, 

distance of r, in air. D 

for the electrostatic p 
system. 

(b) If an external electric field (E) is applied on 

the system, write the expression for the total 

energy of this system. CBSE 2020 


59. Define the following. 
(i) Polarisation 
(ii) Electric susceptibility (A) 
(iii) Electrostatic shielding 


60. Choose the statement as wrong or right and 
justify. 
(i) Inside a conductor, electric field is not zero 
because electrostatic potential is constant. 
(ii) On insertion of dielectric, capacitance of 
capacitor increases. 
(iii) When capacitors are connected in parallel, 
the amount of charge in each capacitor will 
be same. 


61 


A parallel plate capacitor has‘capacitance C, in 
the absence of a dielectric. A slab of dielectric 
material of dielectric constant e, and thickness 
d/3 is inserted between the plates. What is the 
new capacitance when the dielectric is present? 


62. Two parallel plate capacitors of capacitances C, 


and C, such that C, = C,/2 are connected across 
a battery of V volts as shown in the figure. 
Initially, the key (K) is kept closed to fully 
charge the capacitors. 


The key is now thrown open and a dielectric 
Slab of dielectric K is inserted in the two 
Capacitors to completely fill the gap between 
the plates. Find the ratio of 

(i) the net capacitance and 

(ii) the energies stored in the combination 


before and after the introducing dielectric 
Slab. 
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63. You are given an air filled parallel plate 

capacitor C,. The space between its plates is 

now filled with slabs of dielectric constants K, 

and K, as shown in figure. 

(i) Find the capacitance of the capacitor C, if 
area of the plates is A and distance between 
the plates is d. 

(ii) What is the value of capacitance if 


Cy ae C2 
IN 


64. Derive an expression for the energy storedina 
parallel plate capacitor. On charging a parallel 
plate capacitor to a potential V, the spacing 
between the plates is halved and a dielectric 
medium of £, = 20 is introduced between the 
plates, without disconnecting the DC source. 
Explain, using suitable expressions, how the (i) 


capacitance, (ii) energy density of the capacitor 
changes? 


LONG ANSWER Type II Questions 


65. (i) Establish the relation between electric field 
and electric potential at a point. 


(ii) Draw the equipotential Surface for an 
electric field pointing in + z-direction with 
its magnitude increasing at constant rate 
along - z-direction. CBSE SQP (Term-1) 


66. (i) Depict the equipotential surfaces fora 
system of two identical positive point 
charges placed at distance d apart. 

(ii) Deduce the expression for the potential 
energy of a system of two point charges qı 
and q, brought from infinity to the points 
with positions n and 1, respectively in 
presence of external electric field E. 
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67. (i) Obtain the expression for the potential due 
to an electric dipole of dipole moment p at a 
point x on the axial line. 

(ii) Two identical capacitors of plate dimensions 
lxb and plate separation d have dielectric 
slabs filled in between the space of the 
plates as shown in figure. 


m=] 


A 
m a 


oOo 


© 
[IY 
re— 1/2 1/2 ——> 
Obtain the relation between dielectric constants 
K, K, and K}. ' All India 2013 


68. (i) Describe briefly the processs of transferring 
the charge between the two plates of a 
capacitor when connected to battery. Derive 
an expression for the energy stored in a 
capacitor. 

(ii) A parallel plate capacitor is charged by a 
battery to a potential difference V. It is 
disconnected from battery and then 
connected to another unchanged capacitor 
of the same capacitance. Calculate the ratio 
of the energy stored in the combination to 


the initial energy on the single capacitor. 
CBSE 2019 


NUMERICAL PROBLEMS 


69. Calculate the potential at a point P due toa 


, charge of 5x107 C located 11 cm away. 


70. Ahollow metal sphere of radius 7 cm is charged 
such that potential on its surface is 20 V. What 
is the potential at the centre of the sphere? 


71. When reaching for door handle often sliding 
across a car seat on a dry winter day, you get a 
spark when your finger tip is 5 mm away from 
the handle. What was the potential difference 
between you and the door handle just before 
the spark? Given that dielectric strength of air 
= 3x10° V/m. 


72. Two point charges 5Q and Q are separated by 
1m in air, At what point on the line joining the 
charges, is the electric field intensity zero? Also, 


73. 


74. 


75. 
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calculate the electrostatic potential energy of 
the system of charges, taking the value of 
charge,Q=4x107'C. 


Calculate the work done to dissociate the 
system of three charges placed on the vertices 
of a triangle as shown in the figure. 


Here, q =1.6 x 107°C. CBSE 20% 
q 


20 cm 20 cm 


-4q +2q 


Read the following passage and answer the 
question below it: 

Potential difference (AV) between two points 4 
and B separated by a distance x, in a uniform 
electric field E is given by AV =- Ex, where xis 
measured parallel to the field lines. If a charge 
qo moves from Ato B, the change in potential 
energy (AU) is given as AU = q)AV. A proton is 
released from rest in uniform electric field of 
magnitude 8 x 104 V/m directed along the 
positive X-axis. The proton undergoes a 
displacement of 0.50 m in the direction of E. 
Mass of a proton = 1.66x 10°’ kg and charge 02 
a proton =1.6x 10™ C. 
With the help of the comprehension given 
above, choose the most appropriate alternative 
for each of the following questions. 

(i) What will happen to the potential energy of 

proton, when it moves from A to B? 
(ii) What will be the velocity (vp) of the proto? 
after it has moved 0.50 m starting from rest 
+ E 


| 


l 


. 
Atosm™® 


A200 pF parallel plate capacitor having plat 
separation of 5 mm is charged by a 100 V D 
source. It remains connected to the source: 
Using an insulated handle, the distance betwe? 
the plates is doubled and a dielectric slab 0° 
thickness 5 mm and dielectric constant 10 İS 
introduced between the plates. Explain with 
reason, how the (i) capacitance, (ii) electric fe | 
between the plates and (iii) energy density 4 
the capacitor will change. CBSE 


$+ ttt 


Electrostatic Potential and Capacitance 


sla nd dielectric constant 5 
is introduced between the plates, how will (i) its 


capacitance, (ii) the electric field between the 
plates and (iii) energy density of the capacitor 
get affected? Justify your answer in each case. 
CBSE 2019 
77. Ina network, four capacitors C,,C3, C; and C, 
are connected as shown in the figure. 


C2 = 6 uF 


124F  4pF Ci = 3 pF 


| 
8v 

(a) Find the net capacitance of the circuit. 

(b) If the charge on the capacitor C, is 6pC, (i) 
calculate the charge on the capacitors C, 
and C, and (ii) net energy stored in the 
capacitors C} and C, connected in series. 

CBSE 2019 


78. Find the total charge stored in the network of 
capacitors connected between Aand Bas 
shown in figure: 


4pF, QuF 
A B 
6uF 3uF 
3V ' CBSE 2020 


„y 
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You are given three capacitors of 2 uF, 3 uF, 4 uF, 


respectively, l 
(a) Form a combination of all these capacitors 


x 1 
of equivalent capacitance uF 


(b) What is the maximum and minimum value 
of the equivalent capacitance that can be 
obtained by connecting these capacitors? 

CBSE 2020 


What is the area of the plates of a 2.5 F parallel 
Plate capacitor, given that the separation 
between the plates is 0.2 cm? (You will realise 


oo 
> 


81. 


82. 
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from your answer why ordinary capacitors are 
in the range of uF or less. However, electrolytic 
capacitors do have a much larger capacitance 
(0.1 F) because of very minimum separation 
between the conductors). NCERT 


A network of four 10uF capacitors is connected 


to a 500V supply as shown in the figure. 
Determine the equivalent capacitance of the 
network along AD. 


B +Q,,-Q c 
= 5 Ca f +Q 
A +Q!'-Q D 


I 500 V 


i 


If two parallel plate capacitors A and B are 

connected in series combination with the same 

supply voltage of V volt, the capacitor A has air 

in between its plates while B has dielectric of 

dielectric constant 4, then . 

(i) determine the capacitance of each 
capacitor, if the equivalent capacitance of 
the combination is 4uF. 


(ii) Find the ratio of electrostatic energy stored 
in Bto A 


ANSWERS 


- (d) 2. (d) 3. (a) 4. (d) 5. (a) 
. (a) 7. (c) 8. (a) 9. (c) 10. (c) 
. (a) 12. (d) 13. (b) 14. (c) 15. (a) 


16. (c) 17. (a) 18. (o 19. (d) 20. (b) 
21. (c) 22. (a) 
23. (a) A and Bare two conducting spheres of same radius. 


24, 


25. 


A being solid and B hollow. Both are charged to the 
same potential. Then, charge on A = Charge on B. 
Because potentials on both are same, 


(a) The proof of this statement is simple. There is no 
potential difference between any two points on the 
surface and no work is required to move a test charge 
on the surface because work done 

= potential difference x charge. 

l 4492 

otential energy U = —— 2 
(a) The p i gy TT 
whatever way the charges are brought to the specified 
locations, because of path independence of work for 
electrostatic force, 


is unaltered 
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26. 


27. 


28. 


29. 


30. 


3L 


32. 


33. 


(c) Electron 
: s move from a lower potential 
higher potential region. E Ea 


ae polar and non-polar diclectric materials. 

ascia of a polar dielectric have a permanent 

: A a moment. However, due to random orientations 

re oe is zero, If there is no external electric 
. is no polarisation. 


(c) The molecules of a substance may be polar or 
non-polar, In a non-polar molecule, the centre of 
positive and negative charges coincides. On the other 
hand, a polar molecule is one is which the centres of 
positive and negative charges are separated, even when 
there is no external field. Such molecules have a 
permanent dipole moment. 

(c) Let two capacitors be connected in series. If +q 


charge is installed on left plate of the first capacitor,” 
then —q charge is induced on right plate of this 
capacitor. This charge comes from electron drawn from 
the left plate of second capacitor. Thus, there will be 
equal charge +q on the left plate of second capacitor and 
—q charge induced on the right plate of second 
capacitor. Thus, each capacitor has same charge (q) 
when connected in series. Capacitance is quantity 
dependent on construction of capacitor and independent 
of charge. 
(a) Electric field is set up from higher potential to lower 
potential. An electron is negatively charged and moves 
opposite to the direction of electric field, i.e., from lower 


potential to higher potential. 


’ C'Va KC)V 
(c) The reason is false as o’= on =N A < 
= Kas Ko 


(asC = KC, V =VandCV =q) 


on is true as capacitance in parallel is greater 


(c) Asserti 
itance is series. Reason 15 false as 


than capac 
Cp =C, +C: +C}. 
of the proton decreases as it 


i) (a) Potential energy 
a oe in the direction of the electric field. 


(ii) (b) BV =- EAx =— (8.0x 10* V/m) (0.50 m) 
=- 4x10 V . 
Gii) (9 AU = 494V = (1.6x 107" C) (— 4.0x 10‘ V) 
=- 64% 10°" J 
=- AU = 64x 10°" J 


(iv) (b) As. AK 
(from conservation of energy) 


1 
AK = inv 


2AK 
= „e 
or Va y pe 


(1.66x 10°” kg) 


= 2.77% 10° ms™ 


" 
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(c) Electrostatic potential energy of the system 


(v) 9 = 
sis 1 9,9 _ 9x10 x1Xx10* x1 19 
4m€ Y 1 a 

=9x10°J 


_ E =0 inside the conductor and ha 

| component on the surface, no work ist hy 

a small test charge within the condu 
or 


34. (i) (a) Since 
tangentia 
in moving 
and on its surface. 

charged particle experi 


ii) (c) The positively | l 
(ii) electrostatic force along the direction of electric hi 

ie. from high electrostatic potential to | d 

al. Thus, the work is done by th 

t 


electrostatic potenti je 
electric field on the positive charge, hene, 
electrostatic potential energy of the positive charg 


decreases. . 
(iii) (d) Potential energy of the system, 
s 72 O 
ij = er + “a + = =0 


5 ME xo+g +o =0= Q=—al2 


(iv) (a) Since, the proton is moving against the direction of 
. field, so work is done on the proton against 


electric 
electric field. It implies that electric field does 
negative work on the proton. Again, proton is moving 


in electric field from low potential region to high 
potential region hence, its potential energy increases. 


(v) (c) Electric potential energy of the system, 


_ 1 q 
4NnEo r 


Here, qı = q =1HC'=1 x10 C, 
=9x10° N-m?7/C* 


r=1m and 

ATE, 

y = 2X10? x 2x10% x 2x10 
3 


=12x107°J 
35. Electrostatic potential at any point on the equatorial 
plane of dipole is zero. 
“. Work done, AW = gAV =0 
36. Change in potential is zero on an equipotential s 
37. Refer to text and diagram on page 68 
[Equipotential Surfaces in Different Cases 
38. Refer to text and figure on page 68 [Equipotential 
Surfaces in Different Cases (Cave IV)] 
39. decreasing 


sal and 
erate field lines starts from higher potential a 
. sat lower potential, so when a proton is meee jon 
as rest in the field, then it moves towards the re? 
to ecreasing potential in the field. 
+ Refer to text on page 68. i 
į . m tat s 
1 o a positive charge q moves in a direction ofa 
S = direction of electric field, the work done east® 
gative and electrostatic potential energy * i 


urface: 


(Case 1] 


Electrostatic Potential and Capacit 


42. 


43. 
44. 


45. 
46. 


47. 


48. 


49. 
50. 


51. 


52. 
53. 


54. 


ance 


Work done, AW = gAV = q(0) =0 
High potential 


Proton moves from a locati 
lower potential. Thus, pote 


Zero 


on of higher potential to 
ntial energy decreases. 


Parallel plate capacitor. It is used to store electrost 
energy. 


atic 


Increases 


Equipotential surfaces 
¥¥Y 


x» 
Zz 


The equipotential surface are plane parallel to y-z plane. 
As the field is increasing in magnitude along X-axis, so 
the spacing between the planes decreases on moving 
along X-axis. But in case of constant electric field, the 
planes are spaced equally. 


Refer to Q. 21 on page 75. ; 
Suppose q, and q, charges are brought from infinity at 
locations y, and r,, respectively in an external electric 
field. 
Let V (r,) and V (r,) be the potentials at positions 7, and 
r, due to external electric field E. In this case, work is 
done in bringing these charges against their own 
electric fields and external electric field. 
r, 
Gitesematticest sn serin t ang 
fy R 
Work done in bringing q, from infinity to 1, ‘is, 
W, =q V(t) 

Similarly, for q,, work done, W, = q;V (r3) 
Work done on q, against the electric field due to q,, 


m 1 fag 
= -dr = — | = (- dr) 
w = Raa = J 88 


_ 442 [dre 1 qq: 
Ane e r? AME, Tiz 
where, n =|, —%| 
. Potential energy of system V = Work done in 
assembling the configuration = W, + W, +W, 


1 qq 
= +q, Vr) + — = 
qı V(r) q2 ( 2) Ane, th» 


Ac _c’-C_KC-C 
C C C 
Refer to text on pages 88 and 92. 


[Ans. (d/2)] 


pat] 


[Ans. 50/6] 


Refer to Q. 23 on page’95. 


Refer to Q. 37 on page 77. 
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55. (a) Refer to Sol, 33 (ii) on page 80. 
(b) Refer to text on page 67. 


56. (a) The equipotential surface are plane parallel to X-Y 
plane. As the field is increasing in magnitude, the 
spacing between surfaces decreases. 


X 


Equipotential surfaces 


Y 
(b) Let P(0, 0, z) and Q(x, y, 0) are two points on which 
electric potential are to be calculated. 


Z 


P (0,0,2) 
+g (0,0,a) 


fanat — “Q (x.y, 0) 
+—q (0,0,-a) 


X v 
-Z 
Then, electrostatic potential at P 
Vp = ee i Coe | 
4nE |(z-a) (z+a) 
_ | qX 2a 
4me, | (z2? - a°) 
1 P 


~ ane, (2? a) [= p =q x 2q] 


The electrostatic potential at Q ìs 


q = q 


i= 
C ATE 
=0 


57. (a) The charges +Q, and -Q, are placed at A and B 
respectively, as shown 


+Q, P -Q; 
Oaai 
A B 


‘Let P be the mid-point of line joining A and'B. The 
potential at P due to charge +Q, is, 


2g 

1 ane, r/2 

and due to charge —Q, is 
-Q2 

V, = —— 

i ANE r/2 


The resultant potential at P is 


120 


V=V, +V, E ee Oe ns 
“  4M€yr/2  4negr/2 
2 
= ire a -Q,) 


The work done to place a charge Q, at P is, 


W= Q,V = 20,(Q, -Q);) . 
AnEar 
or W = Q, (Q, ar Qz) 
2ne€gr 
(b) Let x be the distance from charge +Q, on the line 
joining the two charges, at which the work done will 
be zero as shown. 


Prat P -0> 


B 
bic y — auy 


So, the potential due to charge +Q, at A is equal to 
potential due to charge —Q, at B at point P, i.e. 


Vo, = Vo: 
= Q, = E Q, => Q, — Q: 
ATEX 4n€,(r—x) x r-x 
= rQ, — xQ, =- Qx 
or = rQ, 
f (Q, -Q>) 


(a) Refer to text on page 70. 

(b) Refer to text on page 73. 

Refer to text on pages 85 and 86. 

(i) Refer to text on page 85. 

(ii) Refer to text on page 88. 

(iii) Refer to text on page 90. 

Refer to Q. 23 on page 95. 

Refer to Q. 29 page 96. 

Refer to Q. 26 page 96. 

Refer to text on page 92. 

(i) and (ii) Refer to Q. 38 on page 97, 

(i) Relation between Electric Field and Electric 
Potential 
Let us consider a positive test charge (qa) moves a 
distance (ds) from one equipotential surface to 


another.The displacement (ds) makes an angle (0) 
with the direction of the electric field (E). 

Suppose a positive test charge (qa) moves through a 
differential displacement ds from one equipotential 
surface to the adjacent surface. 

We know that, the work done by the electric field on 
the test charge during its movement is - qo dV. We 
see that, the work done by the electric field may also 
be written as the scalar product (q,E-dS) or 
Jo E cos 8 ds. 
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S 
v 


s 
' 
t 
+ 
' 
t 
' 
' 
i 
1 


Two equipotential surfaces 
(ii) Equating these two expressions for the work yield 


—q dV = qE cos 8 ds 
dV 


ds 


Since, E cos@ is the component of E in the direction 
of ds, therefore 


=> Ecos0=- 


E=E,i+E,j+E.k 


where E,, E, and E, are the x, y and z-components of 
E at any point. 


AEA 
ox oy ` dz 
E=-| eV, OV YR 
ox ðy az 
For the simple situation in which the electric field Eis 
uniform. 
fen SY 
As 


Negative sign shows that the direction of electric field 
E in the direction of decreasing potential. 


The equipotential surfaces for an electric field in 
+ z-direction are shown below 


Y 


Equipotential 
surfaces 


As, the distance between the surfaces is decreas | 


towards — z-di P : -. fiel 
ds —z direction, this means the electric Ëe i 


increasing in wF 
magnitud — x-direction 
constant rate. & e towards — z-dir 


66. (i) Refer to text On page 68 (Case II) 
(ii) Refer to text on page 73. 

67. (i) Refer to text On page 67 

(li) Refer to Q. 24 on page 96 


Electrostatic Potential and Capacitance 


68. (a) Refer to text on page 87 (Parallel Plate Capacitor) and 


page 92 (Energy stored in a Capacitor) 
(b) Refer to Sol. 27 on page 101, 


_ q _ 9x10" x5x1077 
69. V=- = — = 409 kv 
40 Eor 11X10 
70. Potential, V=20V 
7 
71. As, js 
dr 
f 
=> 3x10°= AN 
5x107 
= AV =15000V 


72. Refer to Example 6 on page 65 and use U = kqido 
F 


73. Refer to Example 15 on page 72. 
74. (i) Refer to text on page 73. 
(ii) Apply 


1 2 
—mv* =eV 


=> v = 277 x10° m/s 


75. Given, C = 200nF, d=5mm, t=5mm, V =100V 
wesa 
d Eb 
_ 200x10% x5x10”° 
l 885x10” 
=11299x10° m? 
£,A 


ad —t +t 
K 


When d'= 2d, then Cc’= 


_ 885x107? x 112.99 x 10° 
(10- 5+5) x107 
10 


=181.8 x 10°° =181.8 uF 
(ii) Charge on capacitor, q = CoVo 
= 200 x10% x100 
=2x10° C 
> CV, =C'V’ l 
CVa _ 2x10? Siy 
C’ 1818x107 


E, = = = ——— = 20 x10 V/m 


J’ 
pre 0 -11x10 V/m 


2d 10x10° 


Por es | z 
(li) U = — eg} = ; x 885 x 107 x (20 x 10°)? 


=1770 x 10°° J/m? 


Ty = 5 x E(B") 


= l y gg5 x 107! x (11 x10} 
2 ’ 


= 535.42 x10 J/m? 
76. Given C =100ĻF, d =4 mm, 
t=4 mm, V = 200 V 
(i) d’ =2d,k=E, =5 


c= EA 
d 
x10? x A 
=100 x10 Ta e 
4x10 
=> A =45.2X10° m? 
oe E,A 
od-t+t 
k 


_ 885 X10 x 45.2 x 10° 


4 = 
(8-444) «10 i 
5 


is = 8333 uF 
(ii) Charge on capacitor, when 200 V is applied 
q = CV =100 x10% x 200 = 2x10°C 


Even after the battery is removed, the charge of 


2x10” C on the capacitor plate remains same. 
So,.C,V, =C’V’ 
CeVa _. 2X10? 


>V’ t= = 240 V 
C’ 8333x107 
V 200 
E, = — = —— = 50x 10° V/m 
d 4X10 
7’ 
pra ME 240 
2d 2x4x10° 
=30x 10° V/m 
1 -12 


ss OPP 1 2 2? 
(iii) U =7 EE; =7X885x10 x (50 x 10°)? 


=11067 x10% J/m? 
TIY 1 , 
(U) = z €(E y 


; x 885 x 10°" x (30 x 10°)? 
= 39825 X 10°° J/m? 
77. C, and C, are in parallel combination, so 


C’=C, +C, =3+6=9pF 


Now, C’, C, and C, are in series, so net capacitance is 


1 1 
+-+— 
4 12 


l 1 


oie 
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> k is 
i) Gi apacitance of the networ , 
(b) (i) Given, Q, =6uC The net "i =C, +C, (for parallel combination) 
Now, potential across SA net 1 4 10 
? Q, 6 =—-+2=—HU F 
V=sl=-=2V 3 3 
Cp 3 xv 
Thus charge on C, <. Total charge, Q a 
4 1 
Q, =C,V =6x2=12uC =—x3=10nC 
Total charge on C, 3 f ; dC, is in pact 
andC,, Q=12+6=18uC 79. (a) When C, and C, are in series and © 2 parallel a; 
As charge is same in series combination, shown, then 
~- Charge on C, and C, is 18 uC each. Cy=2F 9 Ca =4yF 
(ii) Total capacitance, è 
East 
t 
= C”=3pF ., mre 
Thus, total ney stored in them is C> =3uF 
1Q 
J == 4 13 
U 2 C” wg ee 322435 pF 
2 2+4 3 
2108. 10° (b) Maximum value of the equivalent capacitance i 
2.9 obtained when all capacitors are connected in paralla 
= 54x10 J combination, 
78. As the given network is like a balanced Wheatstone i.e. Cea = Cy +C, +C3 =2+3+4 = UF 
bridge, so no current flows through the middle wire and or Coq = Cmax =9HF 
the network becomes as shown and minimum value is obtained, when all capacitors 
4uF | 2pF are connected in series combination, 
: C,xC,xC, 
1.é, Coq = ó 
C,C, +C,C, +C,C, 
2x3x4 
2X3+3xX44+4x2 
; 12 
or Coq = C min = a 
So, equivalent capacitance of upper arm (series 80. Refer to Example 2 on page 87. [Ans. 560 km’) 
combination) is eee 81. d ad ree eee | 
C, =—— =-=—F C C, C, Cy Í 
4+2 6 3 E aes | 
eq. = C' +C, =133 pF ! 
and of lower arm is 82. Refer to Q. 53 on page 98, | 
C = 6X? 18 «our (i) SF, 2 
2? 643 9 HF, 20 uF (ii) 1:4 


In electrostatics, we have studied about the charges at rest. Here, we will study about 


LS, a charges in motion which constitute an electric current. Such electric currents occur 

F i ¥ t ~— ag naturally in many situations, e.g. in lightning, charges flow from the clouds to the earth 

4 | j a), through the atmosphere, which sometimes becomes disastrous, as the flow of charges is 

K er wo. not steady. However, in our everyday life we sce many devices such as a torch, a 
a “ee cell-driven clock, etc., where charges flow in steady manner. . 


CURRENT ELECTRICITY 


[TOPIC 1| 


Electric Current and Ohm’s Law Sea er E E 


If we maintain the constant potential difference between two conductors, we . | e Electric Current and Ohm’s Law 
get a constant flow of charge in a metallic wire connecting the two conductors. e Electrical Energy 
ee a malic oars Se RSD e o ic 
r es inn : 
physics which deals with the charges ty Rene 
ELECTRIC CURRENT e Kirchhoff’s Laws and its 


Applications 


It is defined as the rate of flow of electric charge through any cross-section of a 
conductor. It is denoted by /. Electric current can be expressed by 


fz Total charge flowing (q) 
7 Time taken (2). 


! d 
If the charge dq flows through a conductor for small time dt, then / = ona 


It means that the current through a conductor at a time is defined as the first 
derivative of charge passing through a cross-section of the conductor in a 
Particular direction with respect to-time. 

If n= number of charges, e = electric charge and ¢ = time, 


then J= g e. [here, q = ne] 
t t 


Conventionally, the direction of electric current is along the direction of 
motion of positive charges and opposite to the direction of motion of negative 
charges, 


Electric current is not always steady and hence more generally, we can define 
the current as follows 


12 


Let A i 
ri q = the net charge flowing through a cross-section of 
= uctor in a particular direction during the time 
nterva Ar [i.e. between times t and (t+ Ar)] . Then, at 
time z, the current in the conductor is given by 

lim Aq 


di (A= Aro 7, 


Current is a scalar quantity. Although it represents the 
direction of flow of positive charges, it does not follow the 
laws of vector addition (since the angle between the wires 
carrying current does not affect the total current). It follows 
the laws of scalar addition. 
Unit of Electric Current 
The SI unit of current is ampere andit is represented by 
1 coulomb (C) 

l coutom’ “= 1 coulomb per second 

1 second (s) 

or 1 Cs~!. Current through a wire is said to be one ampere, 
if a charge of one coulomb flows through any cross-section 


of the wire in one second. 


A. 


1 ampere (A) = 


ctrons pass through a lamp 


EXAMPLE |1| How many ele 
A? Given, the charge on an 


in 1 min, if the current is 300 m 
electron is 1.6 x 107°C. 
Sol Given, current, [= 300 mA = 300 x 10°A 


Charge on one electron, e =16 X ioc 


Time, ! =1 min = 60 s 

Charge passing through a lamp in 1 min; q 5. 
=300x10° x60 

Let n electrons pass through the lamp in 1 min. 


, q _ 300X10 x60 
q=nħne => n=4 =A, 
e 16x10 


Ixt 


=3.125 x10” C 


| Important Points Related to Flow of Current 


WA 
As a matter of convention, the direction of flow of positive 


charge gives the direction of current. This is called 
conventional current. The direction of flow of electrons gives 
the direction of electronic current. Therefore , the direction of 
electronic current 19 Opposite to that of conventional current. 


aries with time, it is represented by differential 


If the current v 
limit of q, Le, 1 = a. Further, / is same, even when 


cross-sectional area is different at different points of the 


conductor. 
Through a cross-section of the conductor ina time t, ifa 
positive charge q is flowing from Ato Band a negative charge 
q; is flowing from Blo A then total current through the 


conductor is given by 


s 
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The electric current, which flows during the lightning, is of 


the order of tens of thousands of amperes. However, the 


current in our nerves is in microamperes. 


Current Density 


The current density at a point in a conductor is the ratio of 


the current at that point in the conductor to the area of 
cross-section of the conductor at that point.If a current Jis 
distributed uniformly over the cross-section A of 3 
conductor, then the current density at that point ts 
f f 

A ' 
fa point inside the conductor. |r 
on at a point is the direction of 


Ic is a characteristic property O 
is a vector quantity. Its directi 
flow of positive charge at that point. 

| 


The SI unit of current density is Am”. 

EXAMPLE |2] An aluminium wire of diameter 0.24 œ ~ 

is connected in series to a copper wire of diameter 
urrent of 104 © 


0.16 cm. The wires carry an electric c 
Determine the current density in aluminium wire. 


Sol. Given, diameter = 0.24 cm, 
. 0.24 x107" t4 

radius, r = —— = 012x10 “m 
and current, I =10 A 


+. Current density, J = i = — 
Z 2 


10 oe. 38 | 
= —— = 2.2x10° Am™ 
3.14 x (0.12 X10") i 


Electric Current in Conductors 


All metals are good conductors of electricity. The electric 
conduction in them can be explained by an electron theo 
In an atom of a substance, the electrons in the orbits close™ 
the nucleus are bound to it due to the strong arcraction 


the nuclear positive charge, but the electrons far from t$ 


nucleus experience a very weak attractive force. | 
| 
from the 


Hence, the outer electrons can be removed easily 
n fact? 


atom (by rubbing or by heating the substance). l 
few outer electrons leave their atoms and move freely witht 
the substance (in the vacant spaces between the acon” 
These electrons called free electrons or conducti" 
electrons, They carry the charge in the substance from 0" 
place to the other. Therefore, the electrical conductivity ° 

solid substance depends upon the number of free electo 
in it, In metals, this number is quite large (= jo” im?) 
Hence, metals are good conductors of electricity- silver 
the best conductor of electricity than copper, gol j 


aluminium, respectively. 


Current Electricity 


In liquids and gases, electric conduction takes lace by tl 

movement of both positive and negative dance ib r 
unlike in metals, where the electric midun os D 
the movement of negative charge carriers (electrons) oni 


In case of a liquid conductor such as electrolytic solution 
there are positive and negative charged ions, which en 
move on applying electric field, and hence generatin ihe 
electric current. Whereas in case of a solid conduc f e 
Cu, Fe, Ag, etc.) atoms are tightly bound to each other. They 
consist of large number of free electrons, which are 
responsible for the strong current in them when electric field 
is applied on them. 


There are some other materials in which the electrons will 
be bound and they will not be accelerated, even if che 
electric field is applied, i.e. no current on applying electric 
field. Such materials are called insulators. e.g. Wood, 
plastic, rubber, etc. 


In our discussions, we will focus only on solid conductors in 
which the positive ions are at fixed positions and the current 
is carried by the negatively charged electrons. 


v Flow of Electric Charge 


When no electric field is applied on a solid conductor, the free 
electrons in them move like molecules in a gas due to their 
thermal velocities. There is no preferential direction for the 
velocities of the electrons. The average thermal random 
velocity is zero. Due to this, there is no net flow of electric 
Charge in a particular direction inside the conductor and 
hence no current flows in it. 

When an electric field is applied on a solid conductor, in the 
shape of a cylinder of circular cross-section by attaching 
positively and negatively charged circular discs of a dielectric 
of the same radius as that of the solid conductor, at the two 
ends, an electric field is generated in the conductor from 
positive charged disc towards negalive charged disc. 
Electrolytic solutions are conductors of different types in which 
positive and negative charges can move. 


OHM’S LAW 


It states that the current Z flowing through a conductor is 
always directly proportional to the potential difference V 
across the ends of the conductor, provided that the physical 
Conditions (temperature, mechanical strain, etc.) are kept 
Constant. Mathematically, 

Where, R is resistance of the conductor. 


Its value depends upon the length, shape and the nature of 
€ material of the conductor. It is independent of the 
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values of Vand 7. Such conductors are 
said to obey Ohm's law. For an ohmic 
conductor, the graph between Vand 7 
is a straight linc as shown in the p 
figure. O 


EXAMPLE |3| A potential difference of 3 V is applied 
across a conductor through which 5 A of current is 
flowing. Determine the resistance of the conductor. 

Sol. Given, potential difference, V =3 V 


Current, I=5A 


According to Ohm's law, 


Resistance of a Conductor 

It is defined as the ratio-of the potential difference applied 
across the ends of the conductor to the current flowing 
through it. 


V 
Mathematically, R = F 


The SI unit of resistance is ohm and denoted by Q. 


b Ohm (Q) = _l volt (V) _ 


= 1 volt/ampere (or V/A) 
l ampere (A) 


The resistance of a conductor is said to be one ohm, if one 
ampere of current flows, when a potential difference of one 
volt is applied across the ends of the conductor. 


Dimensional formula of electrical resistance is 


[MLT >A]. 
The resistance of the conductor depends upon the 
following factors 
(i) It is directly proportional to the length of the 
conductor. 
ie Rel ald) 
(ii) It is inversely proportional to the area of the 
cross-section of the conductor. 


l 
i.e. Re— ... (ii) 
From Eqs. (i) and (ii), we get 
l 
Reni or Rep- ..-(iti) 


where, p is the constant of proportionality known as 
resistivity or specific resistance of the conductor. 

(iii) It depends upon the nature of the material and 
temperature of the conductor. 
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EXAMPLE |4] A negligible small current is passed 
through a wire length 15 m and uniform cross-section 
6x 107’ m° and its resistance is measured to be 5 Q. What 


is the resistivity of the material at the temperature of the 


experiment? NCERT 
Sol. Given, R = 5Q, A =6x107 m° and/=15m 

Let the resistivity of the material be p. 

< Resistance of wire, R = p+ 

=> soe" -5X6x10 _ 2x107 Q-m 


Thus, the resistivity of the material at the temperature of 
the experiment is 2x10 ‘Q-m. 


EXAMPLE |5| Consider a thin square sheet of side L and 
thickness t, made of a material of resistivity p. The 
resistance between two opposite faces, shown by the 
shaded areas in the figure. (2010) 


Ten Ss 


—— | —~- 


qe SN 
SoL Resistance between the shaded opposite faces is 


Note Here, A is independent of L 


Effect of Temperature on Resistance 
Resistance of a metallic conductor at temperature 
°C is given as 

R, = Ry (1+ 0r + Br?) (i) 
where, Ry = resistance of conductor at 0°C and a, B are the 
temperature coefficients of resistance. 


If the temperature 1°C is nor sufficiently large which is so 
in most of the practical cases, then Eq. (i) can be written as 


R, = Ry (1+ at) or ja= ae 
Ry xı 


_ Change in resistance 
Original resistance x Rise of temperature 


Therefore, temperature coefficient of resistance is defined as 
the increase in resistance per unit original resistance per 
degree celsius or kelvin rise of temperature, 

For metals, the value of & is positive, therefore, resistance of 
the metal increases with rise in temperature. 
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For insulators and semiconductors, the value of 
is negative, therefore, resistance decreases with rise jy 
temperature. 

For alloys, the value of o is very small. The value of y i 
different at different temperatures. Temperature coefficien, 
of resistance averaged over the temperature range £PC togte 
is given by ? 


. o 
where, Rand R, are the resistances at ¢;C and HE 
respectively. 


EXAMPLE |6] A silver wire has a resistance of 210% 
27.5°C and a resistance of 2.7 Q at 100°C. Determine th: 


temperature coefficient of resistivity of silver. | NCERT 
Sol. Given, t,= 27.5°C, t, =100°C 
R, =R, = 21 Q and R, = Ro = 2.7 Q 
<. Temperature coefficient of silver is given by 
Bni 27—24 _9.9039°C* 


a = —— = —— 
R,(t2—t,) 2.1 (100 — 27.5) 


DRIFT OF ELECTRONS AND 
THE ORIGIN OF RESISTIVITY 


Drift Velocity 


It is defined as the average velocity with which the free 
electrons in a conductor get drifted towards the positive e 
of the conductor under the influence of an electric fel 
applied across the conductor. It is denoted by vy. The drit 
velocity of electron is of the order of 1074 ms7!. 


Let V be the potential difference applied across the ends re 
conductor of length /, then the magnitude of electric field’ 

E=— 

l we 
The direction of electric field is from positive to negat" 
end of conductor as shown in figure. Since, the charge 
an electron is — e and each free electron in the condu" 
experiences a force F., 
s F=-eE s aad! 
Here, negative sign indicates that the direction of fo | 
opposite to that of electric field applied. 
“=E 
(ree e} 


kh— | — 


H 


V 
Current in a metallic conductor 


Current Electricity 


Acceleration of each electron is given by 


a=—-— 


fom Newton’s second law, a= =| 
m 


where, 77 is mass of the electron, 


Under the effect of applied electric field, the free electrons 
accelerate and acquire a velocity component in a direction 
opposite to the direction of clectric field in addition to their 
thermal velocities. 


However, this gain in velocity of electron due to the electric 
field is very small and it is lost in the next collision with the 
jon/atom of the conductor. 


At any instant of time, the velocity acquired by electron 
having thermal velocity u, is given by 

Vv, =u, tat, 
where, t; is the time elapsed as it has suffered its last 
collision with ion atom of conductor. 


Similarly, v.=u,+at,,...,v, =u, tat, 


, Vit Ya t.e tV, 
.. Average velocity, vy = Er TS 


(u; taze,)+(u,+ar,)+---+(u, +at,) 
© n 


_u;+u, +.. +u, p: alt +t, +...+4,] 


n n 


u, +u, +.. +u 
We know thar, ———— = =0 
n 


htta tt .. . 
ti" is called average time elapsed or 


and 


n . 
average relaxation time and is denoted by T. Its value is of 


the order of 107"4 s. 
eE 
Va = — — T 


v4 =0+aTt or vy =at or a 


Negative sign shows that v, is opposite to the direction 
of E, 


eE 


Average drift velocity, vy = P 
? 


Average relaxation time 
= Mean free path of clectron/drift speed of electron. 


Relation between Drift Velocity 
and Electric Current 


nsider a conductor of length / and A be the uniform area 
Cross-section, 


‘ Volume of conductor = Al 
the conductor contains free electrons 7 per unit volume. 


[27 


Then, number of free electrons in the conductor = nAl 


Ife is the charge of an electron, then total charge on all free 
clectrons in the conductor is given by 

q= nAle =U) 
Time taken by the free electrons to cross the length of the 
conductor 

t=— (11) 

Vd 

Since, current is the rate of flow of the charge through 
conductor. 


Using Eqs. (i) and (ii), we get 


1A 
jai, (nat) 


-Lva 


Eq. (iii) gives the relation between the current flowing 
through the conductor and drift velocity of the electron. 


.--(iii) 


ET 
Putting the value of v; (- =) in Eq. (iit), we get 
, m 


fe Ane tE 


m 


EXAMPLE |7| Estimate the average drift speed of 
conduction electrons in a copper wire of cross-sectional 
area 1.0 x10 m? carrying a current of 1.5 A. Assume the 
density of conduction electrons to be 9 x 10° m7. 
All India 2014 
Sol. Given, cross-sectional area, A =1.0X107 m? 
Current, J =1.5A 


Electron density, n=9x10"% m” 


Drift velocity, vy =? 
We know that, I = neAv, 
l ‘ 1.5 


= arr aO =19 = 
neA 9X10 ¥1.6X10°" ¥1.0 x10 


= 1.042 x 107 m/s 


Deduction of Ohm’s Law 


CE E 
We know that, / = dne Te and V, = Sie & z] 
m m ml 
V 
as E =— 
[=2-7] 
V Ane*t 
So, ` [= Anev, = Ane vx) V 
. ml ml 
or a = ml = R = constant 


I Ane?t 
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V 


E 


This is called Ohm’s law. 
Mobility 
Ir is defined as the magnitude of drift velocity of charge per 
unit electric field applied. It is expressed as 
_ Drif velocity (v4) _ gE t/m _ qt 
Electric field (E) EE m 


where, T is the average relaxation time of the charge while 
drifting towards the opposite electrode and m is the mass of 
the charged particle. 


Mobility of electrons, U, = ies 


mM, 


Z eT 
and mobility of holes, 1, = —. 
m, 
where, T, and T, are average relaxation time for electrons 
and holes, respectively. m, and m,, refer to mass of electrons 
and holes, respectively. Charge on either is e. 


The SI unit of mobility ism?s"'V~' orm sN7'C andit is 
in the order of 10°. The practical unit of mobility is 
(Cm?/V-s). Mobility is a positive quantity. 

The total current in the conducting material is the sum of 


the currents due to the positive current carriers (holes) and 
negative current carriers (electrons). 


EXAMPLE |8| Find the current flow through a copper 
wire of length 0.2 m, area of cross-section 1 mm’, when 
connected to a battery of 4 V. Given that, electron 
mobility is 4.5 x 10° °m*s~’V~’ and charge on an electron 
is 1.6 x10~°C. The number density of electrons in copper 
wire is 8.510% m”. 

Sol. Given, length of copper wire, | = 0.2m 

Cross-sectional area, A =1 mm” =10°° m’ 

Potential difference, V =4 V 
Electron mobility, p =4.5x10" ° ms V~! 
Charge of an electron, e = 16x10” C 


Number density of clectrons, n = 8.5 x 10” m” 


We know that electric field set up across the conductor, 


/ 
2 = a = 20 V/m 
0.2 


<. Current through the wire, I = nAe vg = nAep E 
pe H= Va /E] 
=8.5x 10% x 107° x 16x 10°” x 45x 10° * x 20 
= 122A 
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Limitations of Ohm’s Law 

The devices which do not obey Ohm’s law are cay 

non-ohmic devices, such as vacuum tubes, semiconduc, 
nt 


. = F V 
diodes, transistors etc, The relation (= = R | is valid for 


both, ohmic and non-ohmic devices. 

Eor ohmic conductors, value of R is constant. 

For non-ohmic devices, value of R is not constant, ie 
Ohm’s law fails. 


The limitations of Ohm’s law are given below 


Variation of potential difference with current 


(i) Potential difference may vary non-linearly wit 


current. 
(ii) The variation of current with potential difference ma 
depend upon sign of potential difference applied. 
(mA) 


Reverse bias 


V) 


Forward bias 


| (uA) 
Variation of current according to the 
sign of potential difference 


(iii) The relation between potential difference and cit 
is not unique, i.e. there is more than one value 0 
for the same current J. 


Negative 
resistance 
region 


I (mA) Non-linear 
region 


' i 
H ' 
H ' 
‘ i 
' i 
P ' 
' 
I ' 
' i 
' 
H ' 


V M 
Graph of current versus potential difference for GaAs 


RESISTIVITY OF 
VARIOUS MATERIALS 


Specific resistance or resistivity of the material i 
conductor is defined as the resistance of a unit leng! W 
Unit area of cross-section of the material of the condit ! 
ie, it is also defined as the resistance of unit C4 


Current Electricity 


material of the given conductor, The unit of resistiy 


: ity is 
ohm-metre or Q-m and its dimensional fokinila i 
[MUTA]. 
Since, we know that R=p A > p= “ (i) 
Substituting the value of R = TLN in Eq. (i), 
ne“ AT 

We have, p= (4) Pest 

ne“ At) l 


sM : m 
. Resistivity of the material, GA 
ne T 


From the above formula, it is clear that resistivity of a 
conductor depends upon the following factors: . 
: l. 
(i) px—, i.e. 
7 


proportional to the number density of free electrons 
(number of free electrons per unit volume). 


resistivity of a material is inversely 


As the free electron density depends upon the nature 
of material, so resistivity of a conductor depends on 
the nature of the material. 

(ii) pæ 1/T, i.e. resistivity of a material is inversely 

Proportional to the average relaxation time T of free 
electrons in the conductor. 
As value of t depends on the temperature. of 
conductor, so resistivity of a conductor changes with 
temperature, as temperature increases, T decreases, 
hence p increases. 


Resistivity of Different Materials 


Name ofthe Resistivity at Name ofthe Resistivity 
materials 0°C (Q -m) materials at 0°C 
— AD) 

1, Conductors = 2 Semiconductors 

(i) Metals Carbon 3.5 x 107? 
Silver 16x107 Germanium 0.46 
Copper 1.7x 107? Silicon 2300 
Aluminjum 2.7 x 1078 3, Insulators 
Tungsten 5.6x10% Glass 10-10" 
Iron 10 x 10°® Hard rubber 10-10" 
Platinum 11x 10°° Mica 10''-10!8 
Mercury 98 x 107° Wood 108-10" 

(i) Alloys Amber 5x10" 
Nichrome ~100 x 107 ® 
Manganin 48x 10-8 


Constantan 49x108 . 
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EXAMPLE Jol Find the time of relaxation between 
collision and free path of electrons in copper at room 
temperature. 


(Given, resistivity of copper = 17 x 10°® Q-m, density of 
electrons in copper =8.5 x10 m`’, charge on an 
electron = 16 x 10° !° C, mass of electron = 9.1 x 1072! kg 
and drift velocity of free electrons = 16 x 1074 ms~*) 
Sol. Given, p =1.7 107 *® Q-m, n=8.5 x10" m £ 

e =1.6Xx10" C, m, =91 x107." kg 


and vy =16x10* ms! 


n 
We know that, p= re 
ne-t 
<“. Relaxation time, 
m, 91x10” 
T = r} = » | 2 — 
enp (1.6 x10219)? x 8.5 x10" x17 x10? 


=25x10 "5 


<. Mean free path of electron (distance covered between 
‘two collisions) 


=v7t= 1.6 x107 * x 25x10" =4x10 8m 


Temperature Dependence of Resistivity 


Resistivity of a metal conductor is given by 


P=poll+a(7T -7,)] nt) 


where, P = resistivity at temperature T, 
and Po = resistivity at temperature Ty 
P—Po d l 
=? Uen ae £ 
Poll -To) Po dT 


Thus, temperature coefficient of electrical resistivity is also 


defined as the fractional change in electrical resistivity # 
` Po 

per unit change in temperature dT. 

For metals, the value of & is positive, therefore resistivity of 

metal increases with increase in temperature, 


Resistivity as a function of temperature for metals 


Eq.(i) implies that a graph ofp plotted against Twould be a 
straight line. At temperatures much lower than 0°C, the 
graph deviates considerably from a straight line. Eq.(i) can 
be used approximately over a limited range of T around any 
reference temperature Tọ, where the graph can be 
approximated as a straight line. 
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For semiconductors, the resistivity decreases with’ increase 
in temperature. 
P 


F 
Resistivity as a function of temperature for semiconductors 


For alloys, the resistivity is very large, but has weak 
dependence on temperature. 


P 


7 
Resistivity as a function of temperature for alloys 


Electric fuse is made of an alloy of zinc, copper, silver and 
aluminium. This is because alloys have low resistivity. This 
causes the wire to melt, if a current more than safe current 


flows through the circuit. 


CONDUCTANCE AND 
CONDUCTIVITY 


Conductance 
It is defined as the reciprocal of resistance of a conductor. It 


is expressed as 
oe 
R 
Irs SI unit is mho (Q7) or siemen (S). 


The dimensional formula of conductance is[M'L PT? A? J. 
Conductivity 


Ir is defined as the reciprocal of resistivity of a conductor. It 


™ l gA 


The SI unit is mho per metre (Q7! m7’) or siemen per 
metre (S/m). 


The dimensional 
META 2 ] , 


formula of conductivity is 


EXAMPLE |10| A wire carries a current of 0.5 A, when a 
potential difference of 1.5 V is applied across it. What is its 
conductance? If the wire is of length 3m and area of 
cross-section 5.4 mm’, then calculate its conductivity, 
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Sol. Here, | = 05 A, V =15 vV,{=3m, 
A=54mm? =54 x10 fm? 


+, New resistance, R= = = =3Q 
1 1 
+, Conductance, aT = a 0.33 S 
and electrical conductivity, 
fee : 2 =1.85 X10 Sm! 


p RA 3x5.4x10°° 


Relation between J, O and E 
(Microscopic form of Ohm’s Law) 


Since, the relation between the current flowing through t 
conductor and drift velocity of electron is given by 


Il=nAev, 
A> =.) _ nAe*tE 
= E cf z 
I ne’tE ne’ tE l A 
=> —= ~A ~ E 
í A m m A 
or J=-E [oz 
p net 
J=0E 3 |o=; 
p 


Ir is a microscopic form of Ohm’s law. 


Classification of Materials in 
Terms of Conductivity 


On the basis of conductivity, the materials can be classifi? 
into the following categories 
Insulators 


These are materials whose electrical conductivity Ì$ either 
very small or nil, e.g. glass, rubber, etc. ! 
Conductors 


asa are materials whose electrical conductivity § “i 
. . | 

ugh, e.g, silver, aluminium, etc. 

Semiconductors 

The ` : i vig 

These are those materials whose electrical conductivity } 


in betwe ; i 
tween that of insulators and conducto ` 
germanium, silicon, etc 


Note Thermi 
s stor : os? 
resistivity changes Fo fags is a heat sensitive devic? wh 


apidly with ; 
f thermistor can have a reilit Tga adele to 108 
pending upon its composition Srv TANER as 
Superconductivit 
zero, wt 


ven they 
Superconductivity 


of V 
A he resistivity of certain metal or alloy oei 
~ hina below a certain temperature '$ i 

S observed by Prof, Kamerlingh in 19'" 


current Electricity 


TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


1. 


Twenty million electrons reaches from point x 
to point Yin two micro second as shown in the 
figure. Direction and Magnitude of the current is 


ome Ot ts 
Y X 
(a) 1.5x107'° A from Xto Y 
(b) 1.6x10~ A from Y to X 
(c) 1.51073 A from Y to X 


(d) 1.6x10™ A from X to Y 


The relation between electric current density (J) 


and drift velocity (v4) is 

(a) J= neva (b) j=" 
Va 

(j= (d) J= nev? 


where, e is the charge of electron and n is the 
number of electrons. 


- Ifdrift velocity of electron is v, and intensity of 


electric field is E, then which of the following 
relation obeys the Ohm’s law? 

(a) v4 = constant (b) vy = E 

(c) vy =VE (d) vy = E? 


- Which of the following characteristics of 


electrons determines the current ina 
conductor? NCERT Exemplar 


(a) Drift velocity alone 

(b) Thermal velocity alone 

(c) Both drift velocity and thermal velocity 

(d) Neither drift nor thermal velocity 

The dimensional formula of resistance is 
(a) [MLT A] (b) [M°L’ TPA] 
(c) [MLT >A] (d) [MLT A] 


The resistance of a 10 m long wire is 10Q. Its 
length is increased by 25% by stretching the wire 


uniformly. 

The resistance of wire will change to 
(a) 12.5 Q (b) 14.5 Q 

(c) 15.6 Q (d) 16.6 Q 


Multiplication of resistivity and conductivity of 
any conductor depends on 

(a) cross-section (b) temperature 

(c) length (d) None of these 
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VERY SHORT ANSWER Type Questions 


8. 


10. 


11. 


12. 


13. 


14. 


15. 


I-V graph for a metallic wire at two different 
temperatures T, and T, is as shown in the 
figure below. 


Ti 


Which of the two temperatures is lower and 
why? Delhi 2015 
Graph showing the variation of current versus 


voltage for a material GaAs is shown in the 
figure. Identify the region of 


Current [— 


Voltage V 


(i) negative resistance. 


(ii) where Ohm’s law is obeyed. All India 2015 


Why are alloys used for making standard 
resistance coils? NCERT Exemplar 


Two materials Si and Cu, are cooled from 300 
K to 60 K. What will be the effect on their 
resistivity? Foreign 2013 


When electrons drift in a metal from lower to 
higher potential, does it mean that all the free 
electrons of the metal are moving in the same 
direction? Delhi 2012 


Define the term mobility of charge carriers in a 
conductor. Write its SI unit. Delhi 2014 


The relaxation time Tt is nearly independent of 
applied E field, whereas it changes 

significantly with temperature T. First fact is 
(in part) responsible for Ohm's law, whereas 
the second fact leads to variation of p with 
temperature. Elaborate why? NCERT Exemplar 


Is the motion of a charge across junction 
momentum conserving? Why or why not? 
NCERT Exemplar 
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16. 


Specific resistances of copper, silver and 


‘constantan are 1.78 x 107 © Q-cm, 10> ê Q-cm and 


17. 


48 x 107 ê Q-cm, respectively. Which is the best 
conductor and why? 
For wiring in the home, one uses Cu wires or Al 


wires. What considerations are involved in this? 
NCERT Exemplar 


SHORT ANSWER Type Questions ` 


18. 


19. 


20. 


What conclusion can you draw from the 
following observations on a resistor made of 


alloy manganin? NCERT 
Current Voltage Current Voltage 
(in A) (in V) (in A) (in V) 
02 _ 3.94 3.0 59.2 
0.4 7.87 4.0 78.8 
0.6 11.8 5.0 98.6 
0.8 15.7 6.0' > 118.5 
1.0 19.7 7.0 ” 138.2 
2.0 39.4 8.0 158.0 


A metal rod of square cross-sectional area A 
having length / has current I flowing through it 
when a potential difference of V volt is applied 
across its ends (Fig. I). Now, the rod is cut parallel 
to its length into two identical pieces and joined 
as shown in Fig. II. What potential difference 
must be maintained across the length of 2/, so 
that the current in the rod is 


still J? v 


(09) (II) 
Foreign 2016 


A conductor of length / is connected to a DC 


_ source of potential V. If the length of the 


24. 


conductor is tripled by gradually stretching it, 

keeping V constant, how will 

(i) drift speed of electrons and 

(ii) resistance of the conductor be affected? 
Justify your answer. Foreign 2012 


Using the concept of drift velocity of charge 
carriers in a conductor, deduce the relationship 


` between current density and resistivity of the 


22. 


conductor. Delhi 2015C 


G) A wire of resistivity p is stretched to three 
times its length. What will be its new 
resistivity? À 


26. 
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(ii) In what manner, do the relaxation time jp, 
the good conductor change when its 
temperature increases? 


Define mobility of a charge carrier. Write the 
relation expressing mobility in terms of 
relaxation time. Give its SI unit. All India 2), 


23. 


Draw a plot showing the variation of 
resistivity of a (i) conductor and (ii) 
semiconductor, with the increase in 
temperature. How does one explain this 
behaviour in terms of number density of 
charge carriers and the relaxation time? 
Delhi 2014¢ 


24. 


LONG ANSWER Type I Questions 
25. 


(i) Deduce the relation between current I 
flowing through a conductor and drift 
velocity v, of the electrons. 

(ii) Figure shows a plot of current I flowing 
through the cross-section of a wire versus 
the time t. Use the plot to find the charge 
flowing in t, second through the wire. | 


I (A) 


I i 
I, | 
{ 
: 


0 ti t2 t(s) 
Define relaxation time of the free electrons l 
drifting in a conductor. How it is related to thè 
drift velocity of free electrons? Use this 
relation to deduce the expression for the 
electrical resistivity of the material. 

All India 20! 


27. 


Find the relation between drift velocity and 
relaxation time of charge carriers in a 
conductor. | 
A conductor of length L is connected to a DC 
source of emf E. If the length of the conduct! 
is tripled by Stretching it, keeping E constant, 


explain how its drift velocity would be 


affected. hi 2088 


De 


28. 
(i) Define the term of drift velocity. 


(ii) On the basis of electron drift, derive i 
expression for resistivity of a conductor e 
terms of number density of free elect! 
and relaxation time. On what factors 
resistivity of a conductor depend? 


-current Electricity 


29. Plot a graph showing tem 


30. 


31. 


(iii) Why alloys like co 


nstantan_ 
are used for makin and manganin 


£ Standard resistors? 
Delhi 2016 
perature dependence 


of resistivity for a typical Semiconductor. How 
is this behaviour explained? Delhi 2011 


Aconductor of length /is connected to a 

DC source of potential V. If the length of the 
conductor is tripled by gradually stretching it 
keeping V constant, how will ' 
(i) drift speed of electrons and 


(ii) resistance of the conductor be affected? 
Justify your answer. Foreign 2012 


(a) Define the term ‘conductivity’ of a metallic 
wire. Write its SI unit. 

(b) Using the concept of free electrons in a 
conductor, derive the expression for the 
conductivity of a wire in terms of number 
density and relaxation time. Hence, obtain 
the relation between current density and the 


applied electric field E. CBSE 2018 


LONG ANSWER Type II Question 


32. (i) Derive an expression for drift velocity of 


electrons in a conductor. Hence, deduce 
Ohm's law. 


(ii) A wire whose cross-sectional area is 
increasing linearly from its one end to the 
others, is connected across a battery of 


V volts. Which of the following quantities 
remain constant in the wire? 


(a) Drift speed (b) Current density 
(c) Electric current (d) Electric field 
Justify your answer. Delhi 2017 


NUMERICAL PROBLEMS 


33. Two conductors are made of the same material 


34, 


35 


and have the same length. Conductor Ais a 
solid wire of diameter 1 mm. Conductor Bis a 
hollow tube of outer diameter 2 mm and inner 
diameter 1 mm. Find the ratio of resistance R , 
to Rp. NCERT Exemplar 


A wire is stretched to increase its length by 5%. 
Calculate percentage change in its resistance: 


At room temperature (27°C), the resistance of a 
heating element is 100 Q. What is the 
temperature of the element, if the resistance is 
found to be 117 Q, given that the temperature 


36 


37 


1. 
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coefficient of the material of the resistor is 


1.70x 107 4°"), NCERT 
i ichrome connected to 
A heating element using nic ‘ea 


a 230 V supply draws an initial current 
which Ae se a few seconds to a steady 
value of 2.8 A. What is the steady temperature 
of the heating element, if the room tempan 
is 27°C? Temperature coefficient of resistance O 
nichrome averaged over the temperature range 
involved is 1.70 x 107 °C’. NCERT 


A resistance coil marked 32 is found to have a 


true resistance of 3.115Q at 300 K. Calculate the 
temperature at which marking is correct. 
Temperature coefficient of resistance of the 
material of coil is 4.2x107°°C. All India 2014 


| HINTS AND SOLUTIONS | 


(b) Given, number of electrons, 
~~ N = 20000000 = 2 x 10’ 
Total charge on twenty million electrons is 
q = Ne 
= 2x10’ x 1.6x10°"C 
= 3.2x10 "C 
Now time taken by twenty million electrons to pass from 
point X to point Yis t = 2us = 2x 10s 
gt 32x10” 


(ce =1.6x10"C 


Since, the direction of the current is always opposite to 
the direction of flow of electrons. Therefore due to flow 
of electrons from point X to point Y, the current will 
flow from point Y to point X. 


(a) Current density, J = ‘ ,I=ne Av, => J= nev, 


. (b) Drift velocity v} = ae >v «<E 
m 


- (a) The relationship between current and drift speed is 


given by 

I= ne Av; 
Here, J is the current and v, is the drift velocity. 
So, 
Thus, only drift velocity determines the current in a 
conductor. 


Tey, 


. (c) Resistance, R = p+ 


= os = [MITA] 
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=I 


10. 


13. 


14. 


15. 


25 5] 


. (c) Given, 4 = 14+ =] => 


100 4 
Since, volume of wire remains unchanged on increasing 


length, hence 


=> 


meet or pital secs 


Given, R= pl/A =10Q and R, = Ph = PSIA | 25pl 
A, 4A 16A 


- (d) Resistivity and conductivity of conductor depends on 


the nature of substance. 


4 


- Since, slope of 1> slope of 2 


R < R, 
Also, we know that resistance is directly proportional to 
the temperature. 
Therefore, T, > T,. 


` (i) DE is the region, of negative resistarice:because the 


slope of curve in this part is negative. 
(ii) BC is the region, where Ohm’s law is obeyed 


because in this part, the current varies linearly with 
the voltage. 


Alloys have small value of temperature coefficient of 
resistance with less temperature sensitivity. This keeps 
the resistance of wire almost constant even in small 
temperature change. Thus, alloy also has high resistivity 
for given length and cross-sectional area of conductor. 


In silicon, the resistivity increases with decrease in 
temperature. 7 


In copper, the resistivity decreases with decrease in 
temperature. 


Yes, all the free electrons drift in the same direction. 


Mobility of charge carriers inside conductor is defined 
as the magnitude of drift velocity of charge per unit 
electric field applied. 

SI unit of mobility is m*s~'V~ or ms“'N7'C, 

Relaxation time is inversely proportional to the 
velocities of electrons and ions. The applied electric field 
produces the insignificant change in velocities of 
electrons at the order of 1 mm/s, whereas the change in 
temperature T affects velocities at the order of 10° m/s. 


This decreases the relaxation time considerably in 
metals and consequently resistivity of metal or 
conductor increases as, p= Led 

O ne'r 
When an electron approaches a junction, in addition to 
the uniform electric field E facing it normally, it keeps 
the drift velocity fixed, as drift velocity depends on E by 


. the relation of drift velocity, vy = Er : 
aca m 


This results into accumulation of charges on the surface 
of wires at the junction. These produce an additional 


` 
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electric field. These fields change the direction 
conserving momentum. Thus, the motion of a charge 
junction is not momentum conserving. 


16. The best conductor is silver because electrical 
conductivity is inversely proportional to the resistivity 
and resistivity of silver is least. 

17. The Cu wires or Al wires are used for wiring in the 
home.The main considerations involved in this proces; 
are cost of metal and good conductivity of metal 

18. Here, Ohm's law is valid because ratio of voltage and 
current for different readings is same. 


Also, the resistivity of alloy manganin is nearly 
independent of temperature. 


~ 19. From:Ohm’s law, we have V = IR 


l I 

=n `o Vb E R= A -Ñ 
When the rod:is.cut parallel and rejoined by length, the 
length of the conductor becomes 21, whereas the area 
decrease to £ If the current remains the same, then the 
potential changes as j 

V = Ip—— =4 x Ip— =4V using Ec. (i)] 

er Cr [using Eq. ( 


The new potential applied across the metal rod will be 
four times the original potential (V). 


20.‘ The potential, V = constant, I’ = 3! 
. j 
nelp 


(i) Drift speed of electrons, v= 


1 
Vg x i [~other factors are constan!) 


So, when length is tripled, drift velocity gets 
one-third, 


(ii) Resistance of conductor is R = pes 


< 


Here, wire is stretched to triple its length, that means | 
the mass of the wire remains same in both conditions | 
Before stretching mass = After stretching mass 


M, =M, 
= ViP, = 2P2 [p =P | 
or Aih = Aj, Í 


' Since, length is tripled after stretching. | 

Al = A (3l) or A, = a 

_ Hence, R’ = ae já pi _9Pl 
A’ AB A 


Thus, new resistance is 9 times of its original value 
21. Refer to text on page 130. 


= R’=9R 


22. (i) Resistivity is a property of the material, it does i 
depend on the dimensions of the wire. Thus, when! 
wire is stretched, then its resistivity remains sa 

(ii) Refer to text on page 129. . ' 


23. Refer to text on page 128. 


current Electricity | one... „iy; 


24. Refer to text on pages 128 and 129 


25. (i) Refer to text on page 127, 
(ii) Area under J-t curve on t 


through the conductor. “axis is charge flowing 


1 oy 
HE + (ty =t,) x1, 
26. Refer to text on pages 127 and 128. 
27. Refer to text on page 127. 
Source of emf E is shown in the ù 
ae [Conductor] 
Suppose initial length of the Pores 
conductor, l, = J). E 
New length, / f= 31, ! 
We know that, 
drift velocity, vy œ E % 


[where, E, = electric field 
(va)p (Eo), tae lotta q Jt be 


: (va); (E 4); 
Eh, 1, “3h "3 
(v Xi i ? Í f 
>o (va) = 3 


Thus, drift velocity decreases three times. 
28. (i) Refer to text on page 126. ig ons laies 
(ii) Refer to text on pages 127, 128 and 129. 
(iii) Alloys like constantan and manganin are used for 
making standard resistor because the resistivity of 
- these alloys here weak dependent on the temperature. 
29. Refer to text on pages 129 and 130. 
30. When a wire is stretched, then there is no change in the 
matter of the wire, hence its volume remains constant. 
The potential V = constant, l’ =3/ 


V 
ti Drift speed of electrons = ae 


a. veel [« other factors are constants] 


So, when length is tripled, drift velocity gets 


one-third. 
V =V, 
A,h = Ah 
A,l = A, (3!) 
= [. length is tripled after stretching] 
A 
oo = EL 
A; = 


i.e. When length is tripled area of cross-section is 


reduced to a 


iid 
Hen n =ņ0— = 
ce R=p-5P 


ujaje 


l 
=9p—=9R 
PA 


Thus, new resistance will be 9 times of its original 
value. 


31. (a) Conductivity The reciprocal of resistivity ofa 
conductor is known as conductivity. It is expressed as 


1 


p 
"The SI unit of conductivity is mho per metre 
(Qm), 
(b) We know that, drift velocity is given by 
eEt (i) 


n —— 


where, e = electric charge, 
E = applied electric field, 
t=relaxationtime and m = mass of electron. 


But E=% 
I 


cael io 


From the relation between current and drift velocity, 

4 I =neAv, (iii) 
(where, n = number of density of electrons) 
Putting the value of Eq. (ii) in Eq. (iii), we get 


2 
r= nea( £) or rà) 
: ml ml 


(i.e. potential gradient) 


ml 
or V= I 1G 
(a) oa 
But according to Ohm's law, V = IR ... (v) 
From Eqs. (iv) and (v), we get 
m)\l 
R=|——|]— (vi 
(3) A "y 
! l 
Also, R= P3 R (vä) 


From Eqs. (vi) and (vii), we get 


p =—— = resistivity of conductor. 
net 


As reciprocal of resistivity of conductor is known as 


conductivity. 
2 
Conductivity, o = 1 rent 
p m 
Now, we know that, current density, J = 7 


2 
or To ee mney ("Je (5) 
A m m 


^ J=0E 
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32. 


33. 


35. 


(i) Refer to text on pages 126, 127 and 128. 
(ii) The setup is shown in the figure. 
Here, electric current remains 
constant throughout the length 
of the wire. Electric field also 
Temains constant which is equal 
V 


V 
to —. 


l 
Current density and hence drift speed changes. 


The resistance of first conductor, R} = is -S ETF, 
. n (0.5 x 1077) 
The resistance of second conductor, 
_ pl 

Rs = n[(1o>)? — (0.5 x 10°)°] 
Now, the ratio of two resistors is given by 

Ry _ (1077)? — (0.5x 107°)? aha 

Rg (0.5x 10°}? i 


When a wire is stretched, its volume remains constant, 
hence 


LA, =LA; =V 
ppa phh- -pif 


[where, V = volume] 


Now, , ie, R =l? 
Al RO tg 
2 
oe (| +2 n) 
Hence, — = 4 = Ny =1.1025 
H L 
R -11025 (i) 
1 
L ; : Ra- 1 
7. % Change in resistance = x100 


1 
= (2-1) 10 = (1.1025 —1) x 100 [from Eq. (i) 


= 10.25% 


Given, resistance of heating element at temperature 
27°C, Ry =1002 


36. 


37. 


| Allzone | PHYSICS Class 124) 


Resistance of heating element at temperature t° C, 
R, =117Q 
a = 1.70 x 10 4°C™',t =? 


By using the formula of temperature coefficient of 


ist o R,- R, (i 
nce, =— fi 
resistance R (tet) 
Here, R, = R,, R= Ry, t2= t and t,= 27°C 
R, -R 
that; ait 27 
Such tha R(t = 27) 
Substituting given values in Eq. (i), we get 
- 17 
1.70 x 10" * Se ge t-27 = ——_______ 
100 (t — 27) 100 X1.70 x107 


or t =1000+ 27 =1027°C 
Given, potential difference = 230 V 
Initial current at 27 °C = I,,.. =3.2 A 
Final current at t°C = I, oç = 2.8 A 
Room temperature = 27 °C 


Temperature coefficient of resistance, & = 1.70 x 1074 °C7! 


Resistance at 27 °C, Ryzec = V = = = 230 a 
Ize 3.2 32 


V 230 2300 


°c 3 — = — = — 


Resistance at t°C,R, 
Ioc 2.8 28 


Temperature coefficient of resistance 


l 2300 2300 
E a 170x107t= 28 _— 32 
R» (t = 27) 23007 27) 
32 
Fa t-27 = 82143- 71.875 | siisi 


71.875 x 1.70 x107? 
Th t = 840.3 + 27 =8673°C 
ee Steady temperature of heating element is 


290.2K, refer to Sol. of Q. 35, 


|TOPIC 2| 
Electrical Energy 


ELECTRICAL ENERG 
AND POWER n 


Electrical Energy 


Iris defined as the total work done W by 
Vin maintaining the electric current / in 
for a specified time z. 


the source of emf 
the given circuit 


According to Ohm’s law, we have 
V=IR 
Total charge that crosses the resistor is given by 
Energy gained is given by 
E=W=Vg=V (It)=Vit 
=[JR]It=17Rt cafe 


[j] e- 
R R 


ya 
a Eey 1? Ree; 
R 


The SI unit of electrical energy is joule (J), 


q=lt 


where, 1 joule = 1 volt x 1 ampere X | sec = 1 watt X I sec 


Commercial Unit of Electrical Energy 

To measure the electrical energy consumed commercially, 
the unit of energy, i.e. joule is not sufficient. So, to express 
electrical energy consumed commercially, a special unit 
called kilowatt hour is used in place of joule. 

IkWh is also called 1 unit of electrical energy. 1 kilowatt 
hour or 1 unit of electrical energy is the amount of energy 
dissipated in 1 hour in a circuit, when the electric power in 

e circuit is 1 kilowatt. 


l kilowatt hour (kWh) = 3.6 x 10° joule (J ) 


EXAMPLE || A resistance coil is made by joining in 
Parallel two resistances each of 10 Q. An emf of 1V is 
*PPlied between the two ends of coil for 5 min. Calculate 
€ heat produced in calories. 
OL Given, resistance, R, = 102, R, =10Q 
Voltage, V =1V 
and time, t = 5 min 
=5x60s =300s 
Since, effective resistance in parallel combination will be 


K ile _10%10 og 
PR +R, 10+10 
Vie «ae 60 
“. Heat produced = Yt ys x60= — = 14.3 cal 
R, 5 4.2 


Electrical Power 


It is defined as the rate of electrical energy supplied per unit 
time to maintain flow of electric current through a 
conductor. 
y2? 

: 2 
Mathematically, | P=VJ=J°R =a 
The SI unit of power is watt (W). 
where, 1 watt =1 volt X lampere =1 ampere-volt. 
Power of an electric circuit is said to be one watt, if one 


ampere current flows in it against a potential difference of 
one volt. The bigger units of electrical power are kilowatt 


(kW) and megawatt (MW). 
where, IkW= 1000 W and 1 MW =10°W 


Commercial unit of electrical power is horse power (HP), 


where 1HP = 746 W. 


EXAMPLE |2| A heating element is marked 210 V, 
630 W. What is the value of the current drawn by the 
element when connected to a 210 V DC source? 


Delhi 2013 
Sol. Given, P = 630W and V = 210V 
Since, P= VI 
Therefore, I = z = 639 =3A 
V 210 


TOPIC PRACTICE 2| 


OBJECTIVE Type Questions 


1. A television of 200 W is used for 4h, then what 
is the value unit expense of electricity? 
(a) 50 (b) 20 (c) 0.8 (d) 0.2 

2. Two bulbs of 40W and 60W are connected to 
220V line, the ratio of resistance will be 


(a) 4:3 (b) 3:4 (c) 2:3 (d)3:2 
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3. A100 W-220 V bulb is connected to a supply of 
110 V. The power dissipated in the bulb will b 
(a) 100 W (b) 50 W f 
(c) 25 W (d) 2 W 


VERY SHORT ANSWER Type Questions 


4. Nichrome and copper wires of same length and 
same radius are connected in series. Current J is 
passed through them. Which wire gets heated 
up more? Justify your answer. All India 2017 


5S. Name the unit of electric energy used for 
domestic purpose. 


6. What is the commercial unit of electrical energy 
and how is it related to joules? 7 


SHORT ANSWER Type Questions 


7. The potential difference applied across a given 
resistor is altered, so that the heat produced per 
second increases by a factor of 9. By what 
factor does the applied potential difference 
change? All India 2017 


8. Power Pis to be delivered to a device via 
transmission cables having resistance R}. If V is 
the voltage across R and I the current through 
it, find the power wasted and how can it be 
reduced. f NCERT Exemplar 


9. When is more power delivered to a light 
bulb, just after it is turned on and the glow of 
the filament is increasing or after it has been 
ON for a few seconds and the glow is steady? 


10. Two electric bulbs Pand Q have their 
resistances in the ratio of 1: 2. They are 
connected in series across a battery. Find the 
ratio of the power dissipation in these bulbs. 

CBSE 2018 


. NUMERICAL PROBLEMS 


{1. Two bars of radius rand 2r are kept in contact 
as shown in the figure. An electric current J is 
passed through the bars. Find the ratio of heat 
produced in bars AB and BC, 
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12. In an aluminium (Al) bar of 
square cross section, a 
square hole is drilled and is 
filled with iron (Fe) as 
shown in the figure. The 
electrical resistivities of Al 
and Fe are 2.7 x 10` Q-m 


and10 x107 Q-m, 
respectively. 


Calculate the electrical resistance between the 
two faces P and Q of the composite bar. 


13. Aroom has AC run for 5 hour a day at a voltage 
of 220 V. The wiring of the room consists of Cu 
of 1mm radius and a length of 10 m. Power 
consumption per day is 10 commercial units. 
What fraction of it goes in the joule heating in 
wires? What would happen, if the wiring is 
made of aluminium of the same dimensions? 
[Given, Pea = 1.7x 1078 Q-m, pa, = 2.7x 107 8 Q-m] 

NCERT Exemplar 


| HINTS AND SOLUTIONS | 


1. (c) Dissipated energy in per second, 
W 


t 


W=Pxt 
where, P=200W,t=4h 
= W = 200 x 4 W-h 


Unit of dissipated energy 
— Watt x hours | 


2. (d) Power, P = —— 
R 


Given, P =40W, P, =60 W 


2 
40 = x : 
R 
and 60 = yt a 
O ee 
Dn dividing Eq. (i) by Eq. (ii), we get 
40 R, R 


Current Electricity 


10. 


. For same length and same radius, 


v? 
: id a orP=Vx] 


For 100 W bulb, 100 = 220x 7 =» p= 100 _ 10 
220 22 
Hence, the power dissipated for 100W bulb will be 


P=Vx1I=110x22 =50W 
22 


resistance of wire, 
Rep (where p is resistivity) 

As Prichrome > Propper i 

Hence, resistance of nichrome section is more. 

In series, same current flows through both sections and 

heat produced = J? Rt. So, more heat is produced in 

nichrome section of wire. 


. The unit of electric energy used for domestic purpose is 


kilowatt hour (kWh). It is also called commercial unit of 
electric energy. 


. The commercial unit of electrical energy is kilowatt 


hour (kWh). 

1kWh = 36 x10°J 
2 

Heat produced per second = /?R= L, 


So, when voltage is made three times, then heat 
produced increase nine times for same R. 


. The power consumption in transmission lines is given 


by P = i'R, where. R, is the resistance of transmission 

lines. The power is given by P= VI. 

The given power can be transmitted in two ways namely 

(i) At low voltage and high current. 

(ii) At high voltage and low current. 
In power transmission at low voltage and high 
current, more power is wasted as P « i’, whereas 
power transmission at high voltage and low current 
facilitates the power transmission with minimum 
power wastage.Thus, power wastage can be reduced 
by transmitting power at high voltage. 


. When the bulb is turned ON, the resistance of the 


filament is low, the current is high and a relatively large 
amount of power is delivered to the bulb. 


As the filament warmup, its resistance increases and the 
current decreases, As a result, power delivered to bulb 
decreases. 


Given, Re = 


Ry = 2Rp wi 
P Q 


11. 


12. 


13. 
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In series, power dissipated is given by the relation 


P=I°R 
or Pœ R 
Pp Re .-- (ii) 


Using Eqs. (i) and (ii), we get 

ae eee 
Current flowing through both the bars is equal. 
Now, the heat produced is given by 


E=I°Rt 
E œR 
Eas Ran 2r} [-r-5=3 
Ece Re || (177 Ar 
1 
-4 


Resistance between the two faces P and Q of the 
composite bar is given by 


bat, 1 [An te) 


R Ru Rre Par Pre JE 
1. |(77-2*) z ho 1 
> —=|—-—— + — | x —— 
R 27 10}10° 50x10 
1875 og 1875 
R=—x10 °Q =— 
64 64 ae 


Power consumption in a day, i.e. in 5 h = 10 units 


or power consumption per hour = 2 units 

or power consumption = 2units = 2kW = 2000 J/s 

Also, we know that, power consumption in resistor, 
P=VxI => 2000W = 220Vx I 

or I=9A 

Now, the resistance of wire is given by R=p £ 

where, A is cross-sectional area of conductor. 

Power consumption in first current carrying wire is 

given by P = I?R 


10 


l 2 -8 
=ņp— l“ =17 X10 7 x ——— x81 J/s = 4J/ 
Pa wx 107° J ys 


The fractional loss due to the joule heating in first wire 
= pi X 100 = 0.2% 
2000 
Pat 
Peu 
The fractional loss due to the joule heating in second 
wire 


Power loss in aluminium wire = 4 = 16x 4= 6.4 J/s 


= §4 ¥ 100 = 032% 


2000 


[TOPIC 3| 


Cells, EMF and Internal Resistance 


CELLS 


An electric cell is a source of energy that maintains a 
continuous flow of charge in a circuit. Electric cell changes 
chemical energy into electrical energy. 


Electromotive Force (EMF) 
of a Cell (E) 


Electric cell has to do some work in maintaining the current 
through a circuit. The work done by the cell in moving unit 
positive charge through the whole circuit (including the cell) 
is called the electromotive force (emf) of the cell. 

If during the flow of g coulomb of charge in an electric 
circuit, the work done by the cell is W, then 


emf of the cell, -7 ] 
q 


Its unit is joule/coulomb or volt. 

If W= 1 joule and q = 1 coulomb, then £ = 1 volt, i.e. if in 
the flow of 1 coulomb of charge, the work done by the cell is 
1 joule, then the emf of the cell is 1 volt. 


Internal Resistance (7) 
Internal resistance of a cell is defined as the resistance offered 
by the electrolyte of the cell to the flow of current through it. 
It is denoted by r. Its unit is ohm. 
Internal resistance of a cell depends on the following factors 
(i) Iris directly proportional to the separation between the 
two plates of the cell. 
(ii) Ir is inversely proportional to area of plate dipped into 
the electrolyte. 
(iii) It depends on the nature, concentration and 
temperature of the electrolyte and increases with 
increase in concentration, 


Terminal Potential Difference (V) 


Terminal potential difference of a cell is defined as the 
potential difference berween the two terminals of the cell in a 
closed circuit (i.e. when current is drawn from the cell). It is 
represented by V and its unit is volt. 


Terminal potential difference of a cell is always less than 
the emf of the cell. In closed circuit, the current flow, 
through the circuit including the cell, due to internal 
resistance of the cell there is some fall of potential. This is 
the amount of potential by which the terminal potential 
difference is less than the emf of the cell. 


Relation between Terminal Potential 
Difference, emf of a Cell and Internal 
Resistance of a Cell 
(i) Ifno current is drawn from the cell, i.e. the cell isin 
open circuit, so emf of the cell will be equal to the 
terminal potential difference of the cell. 


+l = 


7=0 or V=E 
(ii) Consider a cell of emf £ and internal resistance ris 
connected across an external resistance R. 
Current drawn from the cell, 


E 


š I = . i 
R+r dig 
where, E = emf of the cell, 
R= external resistance | 
and r = internal resistance of a cell. 
Now, from Ohm’s law, V = IR 
V 
=> i= R ... ii) 


From Eggs. (i) and (ii), we get 
V E 


R R+r 


From definition of 


La i a 


current Electricity 


\ 


\ 


Charging of a Cell 


During charging of a cell, the positive 
the cell is connected to positive termi 
negative terminal (electrode) of the ¢ 
negative terminal of battery charger, 
flows from positive electrode to nega 
From the given figure, 


terminal (electrode) of 
nal of battery charger and 
ell is connected to 

In this Process, current 


tive electrode of the c 
V=E4 qr ji 


+ = 
Charger 


~ E. 
Thus, the terminal potential difference of a cell becomes 
greater than the emf of the cell. 


The potential drop across internal resistance of the cell is 
called lost voltage, as it is not indicated by a voltmeter, Its 
value is equal to-Jr. 


Difference between EMF and Terminal 
Potential Difference of a Cell 
EMF Terminal potential 
difference 


1. The emf of a cell is the 
maximum potential 
difference between the 
two electrodes (terminals) 
of a cell, when the cell is 
in the open circuit. 


The terminal potential 
difference of a cell is the 
potential difference 
between the two terminals 
of the cell in a closed 
circuit. 


2. Itis independent of the It depends upon the 
resistance of the circuit resistance of the circuit 
and depends upon the and current flowing through 
nature of electrodes and it. 


electrolyte of the cell. 


The potential difference is 
measured between any two 
points of the electric circuit. 


3. The term emf is used for 
the source of electric 
current. 


` The potential difference is 
an effect, 


4. The emf is a cause. 


EXAMPLE |1| The reading on a high resistance 
voltmeter, when a cell is connected across it, is 2.2 V. 
When the terminals of the cell are connected to a 
tesistance of 5 Q as shown in figure given below, the 
Voltmeter reading drops to 1.8 V. Find the internal 
Tesistance of the cell. 


R=52 
Sol. Given, emf, E = 22 V 
Terminal potential difference, V =1.8 V 
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External resistance, 2 =5Q 
s Internal resistance, 


EXAMPLE [2] A cell of emf £ and internal resistance r 
gives a current of 0.5 A with an external resistance of 12 Q 
and a current of 0.25 A with an external resistance of 
25 Q. Calculate the 

(i) internal resistance of the cell (ii) emf of the cell. 


Sol. Let R be external resistance in series with the cell of emf 
E and internal resistance r. The current in circuit is 


[= : ` 
R+r 
CaseI I=05A, R=12Q, then 
NE 
= 12+r 
=> E =05(12+r) 
=> E =60+05r ..(i) 
Case Il I =0.25A, R= 25Q, then 
0.25 = z 
: 25+r 
meg E =0.25(25+r) 
= E =6.25+0.25r (ü) 


From Eqs. (i) and (ii), we get 
60405 r=6.2540.25 r 
=> r=1Q 
From Eq. (i), we get 
E =60+05x(1)=65V 
Hence, (i) internal resistance of the cell is 1 Q. 
(ii) emf of the cell is 6.5 V. 


CELLS IN SERIES AND 
PARALLEL 


Cells in Series 


In this combination, » identical cells each of emf E and 
internal resistance r are connected in series to the external 
resistance R as shown in the figure. 

n cells 


Points to remember for series combination of cells. 


(i) The equivalent emf of a series combination of» cells 
is equal to the sum of their individual emfs. 
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ii iv. i i 

Sa Tis, Sane internal resistance of a series 
mi ination of » cells is equal to sum of thcir 
individual internal resistances. 


Equivalent emf of 7 cells in series, 

Eg =E, +E, +...+ upto 2 terms = nE 
Equivalent internal resistance of 7 cells in series, 
Teg = trt... + upto z terms = ur 

Total resistance of the circuit = ur+R 

z. Current in the resistance R is given by 


n = number of cells, 

r = internal resistance, 
R = external resistance, 
E = emf of cell. 
and J = current flowing. 


Casel When R <<z77, then 


where, 


E A 
J === current due toa single cell 
r 


Case Il When R >>nr, then 


z times the current due to a single 


cell 
I When cells are of different emfs 
internal resistances, then 
petit Be AE, 


Rtn +++ T) 


Case II and different 


The maximum current can be drawn from the series 
on of cells, if the value of external resistance IS very high as 


Note 
total internal resistance of the cells. 


combinati 
compared to the 


Cells in Parallel 


In this combination, m cells each of emf £ and internal 
a ce rare connected in parallel the external resistance 


resistan ; 
R as shown in the figure. 
E,f 
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Points to remember for parallel combination of cells 
(i) The equivalent emf of parallel combination of cells of 
same emfs is equal to emf of one cell. 
(ii) The reciprocal of equivalent internal resistance of 
parallel combination of cells is equal to the sum of th, | 
reciprocals of the internal resistance of each cell. 


] 1 1 : _m r 
^ — =+ ... upto m terms = ~~ OF r= 
r 


Tp " r2 m 


As, R and r, are in series, so total resistance in the 


i . r 
circuit = R+— 
m 


ation of identical cells, the effective emf 
al to the emf due to a single cell, because 
only the size of the electrodes increases 


In parallel combin 
in the circuit is equ 
in this combination; 
but not emf. 

+ Current inthe resistance R is given by 


Case I When R >> pa , then 
m 


E 
I= —=current due to a single cell 


When R <<}, then f= E 


Case II 
m r/m 
mE F Í 
= ——=m times current due to a single cell | 
Case III When cells are of same emf and | 
different internal resistances, then ! 
jat 
R+r’ [ee £, =E =...E, =E] 
1 1 ] 


1 
where = 4 ea +} and Fis emf 


Hy h r, 


of each cell. 


a ae pga Pa can be drawn from the paral 
S, the external resis i low @ 
compared to the total internal resistance of cei vao, 


apt one |3] Two identical cells, when joined togeth 
S or in parallel give the same current, ie 


connected to external resi ; uae 
resistance of each cell. sistance of 2 Q. Find the int 


Sol. Let E, r be the 


nal 


E emf and internal resistance of each al 
xternal resistance, R = 2Q 


current Electricity 


If two cells are connected in Series, then 
Total emf of cells = E+ E = op 


Total resistance of circuit = R 4 r+r=24 9p 


-Current in the circuit, J, = _2E 
2+ 2r 
If two cells are connected in 


arallel, ee f 
cells = emf of single cell = £ parallel, effective emf of two 


Total internal resistance of two cells = "*" _ 1 
r+ri'2 
Total resistance of the circuit = R+ Č = 2 4: r 
2 2 
Current in the circuit, J, = E = _2E 
24+ 5 44+r 
2 
As per question, J, = I, 
2E 2E 
=> = 
2+2r 4+r 
=> 2+2r=4+4r 
: r=2Q 


EXAMPLE |4] When 14 cells in series, are connected to 
the ends of a resistance of 82.6 Q, then the current is 
found to be 0.25A. When same cells after being connected 
in parallel are joined to the ends of a resistance of 0.053Q, 
then the current is 25A. Calculate the internal resistance 
and the emf of each cell. 
SoL Let E andr be the emf and internal resistance of each 
cell. 
Case I When the cells are in series. 
Total emf of cells = 14E 
Total resistance of circuit = 826+14r 
-. Current in the circuit is given by 
ME 2025A fi) 
826+14r 
Case II When the cells are in parallel. 
Total emf of cells = E 


r 
Total resistance of circuit = 0.053 + — 


14 
“. Current in the circuit is given by 
E JSA (ii) 
0053 + — 
14 
Dividing Eq. (i) by Eq. (ii), we get 
r 
(0055+ 2) l 
, si” 
(826 +14r) 
= j4x14X0053+r 10? =826+14r 
14 
> 53x14 +100r = 826 +14r 
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Solving, we get 
r=00972 =012 
Substituting the value of r in Eq. (i), we get 
E =15V 


Mixed Combination of Cells 


In this combination, some cells are connected in series and 
some cells are connected in parallel as shown in the figure. 
Let there be » cells in series in 
one row and m rows of cells are 
in parallel. 


Suppose all the cells are 
identical. Let each cell be of emf 
and internal resistance r. 


Equivalent emf of each row 
=nE 

Equivalent internal 

resistance of each row = nr 


—_—— M [OWS ——- 


Total emf of combination = nE 


Total internal resistance of combination, 


Dd ol . 
> =—+— +... upto umes 
r n nr 

lo m ah 
SOT =— 

ro onr m 


: ee nr 
Total resistance of the circuit =r’+R=—+R 
m 


Current in the resistance R is given by 


Thus, we get the maximum current in mixed grouping of 
cells, if the value of external resistance is equal to the total 
internal resistance of all the cells, i.e. external resistance = 


. F nr 
total internal resistance of all the cells (x =— |. 
m 


EXAMPLE |5] 36 cells, each of internal resistance 
0.5 Q and emf 1.5 V each are used to send current through 
an external circuit of 2 Q resistance. Find the best mode of 
grouping them and the current through the external 
circuit. 
Sol. Here, E =15V,r=05Q2, R=22 

Total number of cells, mn = 36 (i) 

. For maximum current in thé mixed grouping, 
ar 


w= 
m 


144 


nxO05 
a es 9 
m 
Multiplying Eqs. (i) and (ii), we get 
OSn? =72 => n° =144 


=> 


ve (di) 


n=12 
and m=% -3 
12 


Thus, for maximum current, there should be three rows 
in parallel, each containing 12 cells in series. 


< Maximum current = ———— = ———————_ = 4 
mR+nr °3X2+12x05 


EXAMPLE |6| 12 cells, each 
of emf 1.5 V and internal 
resistance of 0.5 Q, are: 
arranged in m rows each i: 
containing n cells connected in : 
series, as shown in the figure. ‘.-----|1|1------- tf 
Calculate the values ofn andm (n cells in each row) 

for which this combination 

would send maximum current through an external 
resistance of 1.5 Q. ; 

SoL For maximum current through the external resistance, 

external resistance = total internal resistance of cells 


nr 
or R=- 
m 
_nx05 [e mn =12] 
12 
n 
2 
or inal 


n=6andm=2 


COMBINATION OF TWO CELLS 
IN SERIES AND PARALLEL 
(WITH DIFFERENT EMFS AND 
INTERNAL RESISTANCES) 


Two Cells in Series 
The two cells are said to be connected in series between two 


points A and C, when negative terminal of one cell is 
connected to positive terminal of other cell as shown in the 
Fig. (a). 
ihe E,, E, be the emfs of the two cells and 7, r, be their 
internal resistances, respectively. Let the two cells be 
sending the current in a circuit ah és the Fig. (a) and 
Eh tee oe V, and Ve be the potentials at points A, B and 
C and / be the current flowing through them. 


Fhen, equivalent emf 
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(b) 


Potential difference between positive and negative terminal, 
of the first cell is given by 
i Vag =Va- Vg =E; -dh (i) 
Potential difference between positive and negative terminal; 
of second cell is given by 
Vgc =Vg — Ve =E Ir, .- (ii) 
Potential difference between A and C of the series 
combination of the two cells is given by 
‘6. Ve 
=(V, —Vg)+ (Vg — Vo) 
=(E, - In) + (E, — Ir) 
=(E, + £,)-L(4 +7) ..(iii) 
If the series combination of two cells is replaced by single 
cell between A and C of emf E eq and internal resistance r,, 
as shown in the Fig. (b), then 
Vic = Eq E Fi . (iv) 
Comparing Eqs. (iii) and (iv), we get 


E., =E, +E, (0) 
and ra = try „ti 


If n cells of emfs Ey, E£,... E, and of internal resistan 
Tio t2». 7, respectively, are connected in series betwee 
points A and C, then equivalent emf is given by 


Equivalent internal resistance of the cells is given by 


pa: a: the series combination of two cells, if neg 
ern cell is f i 
tinal of first cell is connected to the negative termina 


the second cell b i 

etween points A sine 
uM n " 
Fig. (c), then edi | 


E 
. E2 
A l lr 
1 (c) lo 
Vic =V- Vp =- E —Ir, | 
2 2 


of the two cells is £ eq = A a 


1 eq 1 2° 


Current Electricity 


EXAMPLE |7| In the circuit Shown in figure 

È, TA B= a "wae =1Q and R=? Q, 

find the potential difference across batte 

mat YS, attery 1 and 


E l4 E> r. 
le I- 
Vi Vo 


Total resistance of the circuit = R + rj +r, =4Q 

<. Current in the circuit, J = -Net emf.’ eis 15A 
Total resistance 3 

Now, V, = E, — In =10- (1.5)(1)= 8.5 V 


and V, = E, + Ir, =44 (1.5)(1)= 5.5 V 


Two Cells in Parallel 


The two cells are said to be connected in parallel between 
two points A and C, when positive terminal of each cell is 
connected to one point and negative terminal of each cell is 
connected to the other point as shown in the Fig. (a). 


Let the two cells be sending the current in a circuit shown in 
Figs. (a) and (b). Let E,, E, be the emfs of the two cells and 
"sr be their internal resistances, respectively. 
Let 7 p, be the currents from the two cells flowing 
towards point B, and J be the current flowing out of B,» 
then 
Ped +1, za 
= Va» Vp, be the potentials at points B, and B3, 
“spectively and V be the potential difference between 
Land B,. Here, the potential difference across the 
terminals of first cell is equal to the potential difference 


across the terminals of the second cell. 
So, for the first cell, E -V 


Vis given by V =V, -Vy =E hino = s 


For the second cell, V = Vp, -Vp = E,- 1: 
E, mī V 


t3 


or l 


Substituting values in Eq. (i), we get 


(=) (==) 
I =| —— |+| ——_ 
ri G] 


.-- (ii) 


If the parallel combination of cells is replaced by a single cell 
between B, and B, of emf Eq and internal resistance ro 
(Fig. (b)], then 


Vr Lg = Mig ..- (111) 
Comparing Eqs. (ii) and (iii), we get 
EB yr, tE A 
E oa = E EA ...(iv) 
ntr 
nr 
and r, == .(v 
Sores (v) 
l anto 4. 1 ; 
= — st =—+— ...(vi) 
Na Ah A D 


Dividing Eq. (iv) by Eq.(v), we get 
Eq Em + Bon E E 


Teq nn r n 
If n cells of emfs £,, Ez, o E, and internal resistances 
To aeo 7, are connected in parallel, whose equivalent emf 


is E and equivalent internal resistance is r» then 


eq eq 

le dnt T NS AO ee E, 
—=—+—+...+— and = + FH tt 
req i h n "eq of n Tn 


If the two cells are connected in parallel and are of the same 
emf E and same internal resistance r, then 


Er+E 
From Eq. (iv), E,.=——= E 
Pre 
From Eq. (vi), A ah le? TEM as 
r pret P 2 


eq 
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EXAMPLE |8] Find the emf (V) and internal resi 
D of a ingle Sete en, and interna re | TOPIC PRACTICE 3 | 


combination of two batteries of emfs V, and V, and internal 


gure te esPertively, with polarities as shown In OB IECTIVE Type Questions 
2 Ve {. The internal resistance of a 2.1 V cell which 
gives a current of 0.2 A through a resistance of 
$ * 10 Qis NEET 2013 
j B a)022 (b)052 (082 (102 
n v 2. The cell has an emf of 2V and the internal 
' ' resistance of this cell is 0.1 Q, it is connected to 
Sol. (i) Equivalent emf (V) of the battery resistance of 3.9 Q, the voltage across the cell 
Potential difference across the terminals of the will be ; 
battery is equal to its emf when current drawn from (a) 1.95 V (b) 1.5 V (c) 2V (a) 1.8V 


the battery is zero. In the given circuit, 


3. Electromotive force of primary cell is 2.4 V. 
- When cell is short circuited, then current 
becomes 4 A. Internal resistance of cell is 
(a) 60Q (b)1.2Q 
(c)4.Q (d)0.6Q 


4. Two batteries of emf £; and €,, (£, >€,) and 


internal resistances r, andr, respectively are 
connected in parallel as shown in figure. 


b---—---—-------___-- -- - ----- - == eet £ E1 
A 
Current in the internal circuit, i A B 
_ Netemf č SW +V, 
~ Total resistance 7, +r, E2 l2 
Therefore, potential difference between A and B (a) Two eduival NCERT Exemplar | 
would be quivalent emf €,, of the two cells is between | 


€ and €,, ie, €, < 
(b) TI i Peete 
ne equivalent emf € 


V +V. Vr -Vr is smaller than € 
=V,- : > = } = = 2h nf The €,,, is given by es os ate ane, 
pn "2 Ev is ind : ee 
So, the equivalent emf of the battery is eq ependent of internal resistances r, and 
Vir — Vor, 3 | 
Vee T AARNA Type Questions | 
* . . The emf f . | 
Note that, if Vin = Vn :V=0 ofa cell 1s always r : i 
ne P eater its 
If Vin > V2.5: V, — Vp = positive, ie, A side of the terminal voltage. Why? j ' ae phi 2013 
equivalent battery will become the positive terminal 6. Acell ofemf E and ü | 
an 


and vice-versa. 
(ii) Internal resistance (r) of the battery 
r,andr, are in parallel. Therefore, the internal 


connected acro internal resistance r is 
graph showing t al resistance R. | 


eve ia 1 m 
resistance r will be given by difference AON ariation of potential | 
lsl42 7. W ' V versus R, NCERT Exem?™ | 
P H H - Write 
rh n roslet any two factors on which ; | 
r= ïh ance of a cell de ich internal ys 
= TR 8. pends. All India ? 


\ 
\ 
\ 


\ 


current Electricity 


Draw the plots of the termi 
versus (i) resistance R and 


(ii) current J. 


nal voltage V 


All India 2015 
Acell of emf E and interna} resistance ris 
connected across a variable resistor R. Plot a 
graph showing variation of terminal voltage 
V of the cell versus the Current J. Using the 
plot, show how the emf of the cell and its, 
internal resistance can be determined. 


All India 2014 
Two identical cells, each of emf E, having 
negligible internal resistance arg connected 
in parallel with each other across an 
external resistance R. What is the current 
through this resistance? All India 2013 


Which of the two emf E or potential 


difference V of a cell, is greater and by how 
much? 


SHORT ANSWER Type Questions 


12. First a set of n equal resistors of R each are 
connected in series to a battery of emf E and 
internal resistance R and current J is 
observed to flow. Then, the resistors are 
connected in parallel to the same battery. 


It is observed that the current is increased 
10 times. What is n? NCERT Exemplar 


Write the relation between emf and 
potential difference for a cell. What are their 
respective units? 


10 


13. 


14. 


What is the difference between the values of 
potential difference across the two terminals 
of a cell is an open circuit and closed 
circuit? 


15 


Acell of emf E and internal resistance r is 
connected across a variable resistor R. Plot a 
graph showing the variation of terminal 
potential V with resistance R. Predict from 
the graph, the condition under which V 
becomes equal to E. Delhi 2009 


16. 


A low voltage supply from which one needs 
high currents must have very low internal 
resistance. Why? 


17, 


A10 V cell of negligible internal resistance is 
connected in parallel across a battery of emf 
200 V and internal resistance 38 Q as shown 


14:7 


the figure. Find the value of current in the 
=the j CBSE 2018 


10V 


200 V 38 2 


LONG ANSWER Type I Questions 


18. Two cells of emf E, and E,; and internal resistances 
r, andr, respectively, are connected in parallel as 
shown in the figure. 

Ey, r 


E2, r2 


Deduce the expressions for 
(i), the equivalent emf of the combination. 
(ii) the equivalent resistance of the combination. 
(iii) the potential difference between the points A 
and B. Foreign 2010 


19. Which type of combination of cells is used in the 
following three cases. 


(i), If the external resistance is: much larger than 
the total internal resistance? 


(ii) If the external resistance is much smaller than 
the total internal resistance? 


(iii) If the external resistance is equal to the total 
internal resistance? 


20. What do you mean by terminal potential difference 
of a cell? Under what conditions will the terminal 
‘potential difference of a cell be greater than its 
emf? 


LONG ANSWER Type II Question 


21, (i) The emf of a cell is always greater than its 
terminal voltage. Why? Give reason. 

(ii) Plot a graph showing the variation of terminal 
potential difference across a cell of emf E and 
internal resistance r with current drawn from it. 
Using this graph, how does one determine the 
emf of the cell? 

(iii) Three cells of emf E,2E and 5E having internal 


resistances r, 2r and 3r, variable resistance R as 
shown in the figure. Find the expression for the 
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current. Plot a graph for variation of current 
with R- : 


NUMERICAL PROBLEMS 


22. 


23. 


24. 


A battery of emf 10 V and internal resistance 3Q 
is connected to a resistor. If the current in the 
circuit is 0.5 A, what is the resistance of 
resistor? What is the terminal voltage of the 
NCERT 


battery when the circuit is closed? 


The reading on a high + 
resistance voltmeter, when a 
cell is connected across it, is 
2.2 V. When the terminals of 
the cell are also connected to 
a resistance of 5 Q as shown 
in the circuit, the voltmeter reading drops to 
1.8 V. Find the internal resistance of the cell. 

AIl India 2013 


It is found that when R = 4 Q, the current is 1 A 


and when R is increased to 9 Q, the current 
reduces to 0.5 A. Find the values of theemf E 
and internal resistancer. All India 2015 


R=5QK 


In the figure shown, an ammeter A and a 
resistor of 4 Q are connected to the terminals of 
the source. The emf of the source is 12 V having 
an internal resistance of 2 Q. Calculate the 
voltmeter and ammeter readings. 


(Vv) 
A) 


R=42 All India 2017 


A battery of emf 12 V and internal resistance 2 Q 
is connected to a 4 2 resistor as:shown in » 
the figure. 
(i) Show that a voltmeter when placed across’ 
the cell and across the resistor, in turn, gives 
the same reading. 


9 


27. 


, 28. 


1. 
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the voltage and the current jin p 


y is voltmeter placed in paraj 
i es in the circuit? 


All India 2015 


(ii) To record, 
circuit, wh S f 
and ammeter in seri 


A10 V battery of negligible internal resistance iy | 
connected across a 200 V battery anda . | 
resistance of 38 Q as shown In the figure. Find 
the value of the current in the circuit. Delhi 29), 


Ad -acid type of secondary cells each g 
(i) egy and fntertial resistance 0.015 Q 7 
joined in series to provide a supply to , 
resistance of 8.59. What are the current 
drawn. from the supply and its terminą] 
voltage? 
(ii) A secondary cell after long use has an emf of 
1.9 V and a large internal resistance of 380 9, 
What maximum current can be drawn from 


the.cell? 
Could the cell drive the starting motor ofa 
car? NCERT 


| HINTS AND SOLUTIONS 


(b) As, I = fa 
R+r | 
ae E=I(R+r) . 
2.1 = 0.2 (10+r) | 
10+r= 2 x10 
2 
A r=10,5-10=05Q 
. (a) j 
V=E-ir 
where, ris the internal resistance, | 
Also, current ix z 
R+r 
AR+r 


Putting numerical values, we have 


E=2y, r=0.10Q,R=399 


= 2-(—2 x0 
3.9401) 0 


V=195 y 


> 


> 


3. (d) Electromotive force, £ = V +ir= (Rr) bat 
; " re[eVve= 
When cell is short circuited, then resistance b iR) 
zero, ie. R=0. So, electromotive force, E aam 


Internal resistance of cell 


. (a) The equivalent emf of this combination is 


given by 
E : 
Eeq = Enn + Ern, 
\ ntr, 
is suggest that i . 
Th i eg i the equivalent emf Eeq Of the two cells 
is given by 
E; < Eng < A 


. The emf of a cell is greater than its terminal voltage 
because there is some potential drop across the cell due 
to its small internal resistance, 


. The graphical relationship between voltage across R and 
the resistance R is given below 


V 


“Vo E 
l 1+ a 


. The high resistance voltmeter means that current will 
flow through it. Hence, there is no potential difference 
across it. So, the reading shown by the high resistance 
voltmeter can be taken as the emf of the cell. 

The internal resistance of a cell depends on 
(i) the concentration of electrolyte and 
(ii) distance between the two electrodes. 


8. (i) 


Viin volts) 
V{in volts) 


R(Q) 1(A) 
Graph between terminal Graph between terminal 
voltage (V) and resistance (R) voltage (V) and current (1) 


(a) (b) 


9. We know that, V = E — Ir 


The plot between V and J is a straight line of positive 
intercept and negative slope as shown below 


vi 


10. 


12. 


13. 


14. 
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(i) The value of potential difference corresponding to 
zero current gives emf of the cell. 


ji ‘ i : is 
(ii) Maximum current is drawn, when terminal voltage 1 


zero, $0 
V=E-Ir 
> 0= E-l ma 
E 
=> r= 
HENS 


The cells are arranged as shown in the circuit diagram 
as given below 


E 


R 


As the internal resistance is negligible, so total resistance 
of the circuit = R 


So, current through the’resistance, 
E 
T=— 
R 
(in parallel combination, potential is same as the single 


cell) 


. emf E of the cell is greater than the potential difference 


V of the cell, by a value Ir, where J is the current 
flowing in the circuit and r is the internal resistance of 
the cell. 


V=E-Ir 
In series combination of resistors, current I is given by 
E 
R+nR 


whereas, in parallel combination current 10 I is given by 


ET ee | E 
Re R+  \R+aR 
n n 


Now, according to problem, 


l+n 
—=l0> 


1+- 
n 


165)" cone 
n+l 


For a cell of emf E, potential difference V and internal 
resistance r, V = E — Ir, where J is the current flowing 
through the circuit, The Sl unit of both emf and 
potential difference of a cell is volt (V). 


The potential difference across the terminals of a cell is 
given by V = E - Ir. 

In an open circuit, there is no current, ie. J =0 

’. V = E, i.e. potential difference across the terminals of 
a cell = emf 

In a closed circuit, V < E. 

The difference between the two values of potential 
difference = Ir, which is called the lost voltage. 
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15. 


16. 


17. 


18. 


Refi i 
Sa ee peste of Q. 6 for the graph. 
aul graph, we can see that the value of V becomes 
qual to E when / = 0. 
We know that, V = E — Ir 
E-V 
If 7 i i 
the value of V is small, for high value of current J, then 


= Current in the circuit, J = 


the internal resistance r should be small as I < L 
l r 
Given, £=10 V, E = 200 V, : 
Now, using Kirchhoffs lo in gi i 
> op | 
pee p law in given figure, in loop 
200 — 387 —10=0 
190 = 38] 


Refer to text on page 142. 


19. (i) Series combination of cells. 


20. Refer to text on page 140. 


21. (i) The emf of a cell is great 


(iii) In these t 


(ii) Parallel combination of cells. 
(iii) Mixed combination of cells. 


‘The terminal potential difference of the cell becomes 
greater than the emf of the cell during charging of the 
cell. In this process, current flows from positive 
electrode to negative electrode of the cell. 

Hence, V = E+ Ir. l 
er than its terminal voltage 
because there is some potential drop across the cell 
due to ‘its small internal resistance. Pt 


E E 
Wii) +." vV = | — R= 
s 5) 1+r/R 


Le. with the increase of R, V increases 
E 


i 


R-— 
he emf of cell by finding terminal 
urrent J becomes zero. 


ype of questions, we have to look out the 
connections of different cells, if the opposite 
terminals of all the cells are connected, then they 
support each other, i.e. these individual emf’s are 
added up. If the same terminals, of the cells; are 
connected, then the equivalent emf is obtained by 
taking the difference of emf's. 


t emf of combination 
a = E-2E+S5E=4E 


One can determine t 
potential difference when c 


stance of current 


t resi 
me =r+2r+3r+R=6r+R 
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+ Current, I -X (from Ohm’s law) 
E a 
= © 6r+R 


Res 


=10V,r=39, I =0.5A 


22. Given, E 
E 
j= 
i] ~ R+r 
=—-Tr 
= I 
—10''32170 
0.5 


and terminal voltage, V = IR =0.5X17 =8.5 V 


23. The emf of cell, E = 2.2 Vv 


The terminal voltage across cell, whe 
is connected across it, V = 1.8 Vv 


Let internal resistance = r 


n5 Q resistance R 


iat Internal resistance, r ='R T =1 


04 2 10 
= § X — = — = — 
1.8 18 9 
24. Refer to Example 2 on page 141. [Ans.1Q and 5V] 
25. Current in the circuit, Z = B a se 2A 
R+r 4+2 


Also, terminal voltage across the cell, 
V=E-/r=12-2x2=8V 

So, ammeter reading = 2A 

and voltmeter reading = 8 V 


26. According to question, 


V 


O 


(i) Net current in the circuit = 12 = 2A 
6 


4Q 


Voltage across the battery, 
V, =12~2x 2=8V 


\ current Electricity 


Voltage across the resistance, 
V, =IR=2x4=8Vv 
(ii) In order to measure the device's voltage fi 
voltmeter, it must be connected in varallel (6. i 
device. This is necessary because device in aralle! 
experiences the same potential difference “At 
ammeter is connected in series with the arent 
because the purpose of the ammeter is to measure the 
current through the circuit. Since, the aininelet isa 
low impedance device. Connecting in parallel with 
the circuit would cause a short circuit, damaging tl 
\ ammeter of the circuit. ae 


97. Since, the positive terminal of the batteries are 
comected together, so the equivalent emf of the 
batteries is given by 

l E = 200—10=190 V 
Hence, the current in the circuit is given by 


28. (i) Six cells are joined in series. 
emf of each cell, E = 2 V 
Number of cells, n=6 
Total emf of circuit =n X E=6x 2=12 V 


TOPIC Ae ioie serin 
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Internal resistance of cach cell, r= 0,015 Q 


Total internal resistance 
=nxr=6%0.015 =0.09 2 


External load, R = 8.5 Q 
nE 


I= —— 


Current in the circuit, 
nr+ R 


-l _  =14A 
0.09+ 8.5 


. The terminal voltage of battery, 
V=IR= 14x85 = 11.9 V 
(ii) emf of cell, E = 1.9 V 
Internal resistance of cell, 
r=380 9 
Maximum current can be drawn from t 
is zero external resistance. Therefore, 


he cell, if there 


Imax = T T 380 
Now, we see that the maximum current drawn from 
the cell is very low, thus the cell cannot be used to 
drive the starting -motor of a car as the current 
required for this purpose is approximately 100 A for 


few records. 


E 


Kirchhoff’s Laws and.its Applications 


KIRCHHOFPF'’S . 
RULES OR LAWS 


In 1842, Kirchhoff gave the following two rules to solve 
complicated electrical circuits. Ohm’s law is simply not 
adequate for the study of the circuits containing more than 
one source of emf. These rules are basically the expressions 


of conservation of electric charge and energy. 


These laws were stated as follows 


First Law (Junction Rule) 


This law states that the algebraic s 
Meeting at a point in an electrical circu! 
also known as junction rule. 


um of the currents 
t is always zero. It is 


Electric junction 

cal circuit at which currents 
flowing through the different 
he figure. 


Ponsider a point O in an electri 
vlad, 1; and l; 
conductors meet, as shown in t 


According to Kirchhoff ’s first law, we have 

I, +1,4+(-13) +14 +(-—J,)=0 
= Lttyely+t, —15=0 
polad [+1414 =1;3 41s 
So, junction rule can also be stated as the sum of currents 
entering the junction is equal to the sum of currents leaving 
the junction. 


Sign Convention for Kirchhoff’s First Law 
The current flowing towards the junction of conductors is 
considered as positive and the current flowing away from 
the junction is taken as negative. 


Second Law 
(Kirchhoffs Voltage Rule) 


This law states that the algebraic sum of changes in 
potential around any closed loop involving resistors and 
cells in the loop is zero. It means that in any closed part of 
an electrical circuit, the algebraic sum of the emfs is equal to 
the algebraic sum of the products of the resistances and 
currents flowing through them. It is also known as 
loop rule, 
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Consider a closed electrical circuit ABCDA containing two 
cells £, and Æ, and five resistances Ris R2, R3, R4 and R. 


Consider the closed loop ABCA. E, will send current in 
anti-clockwise and Æ, will send current in clockwise 


direction. 


<- Total emf of closed loop 


ABCA =E, + 


Bur currents (/, and /,) flow in anti-clockwise direction 


(-E,)=E£, 


- E; 


while current /, flows in clockwise direction. 


The algebraic sum of products of resistances and current 
=], R, +1,R,+(—13) R 


. According to second law, for closed part ABCA, 


E, 


Similarly, for closed part ACDA, 
E,=1;R3 +1,R; +1585 


Sign Convention for Kirchhoff ’s Second Law 


The product of resistance and current in an arm of the loop 
is taken as positive, if the direction of current in that arm is 
in the same sense as one moves and is taken as negative, if 
the direction of current in an arm is opposite to the sense as 


one moves. 


While traversing a loop, the emf of a cell is taken négative, if 
negative pole of the cel] is encountered first, otherwise 


posi tive. 


EXAMPLE |1| Find currents in different branches of 


the electric circuit shown in figure. 
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sic fe T 
faite Les ad 


i ig = 
A 22 E 4Q ~ 


Applying Kirchhoffs first law ( junction law) at 


junction B, 
i =i, +i, Afi) 


Applying Kirchhoff’s second law in loop 1(ABEFA). 
—4i,+4-2i,+2=0 An) 
Applying Kirchhoff’s second law in loop 2 (BCDEB)}. 
—2i, —6—4i, —4=0 (iii) 
Salving Eqs. (i), (ii) and (iti), we get 
i= 1A 
=> i= Sis yk 
“3 3 


Here, negative sign of i, implies that current i, is in 
opposite direction of what we have assumed. 


EXAMPLE |2] Use Kirchhoff’s rules to determine the 
potential difference between the points A and D. When no 
current flows in the arm BE of the electric network shown 


in the figure below. Delhi 2015 


ae 3V 
A I eel ar C 
6V 8 4V 


Sol. Applying Kirchhoffs loop rule for loop ABEFA 
6+3+ R, x0-3], +1- 21, =0 


or 10-51, =0 
or I, =2A 
For loop BCDEB, 
4-1,-R+R, x0-3=0 
or 1-2R=0 
5 R=-lQ 
2 


Current Electricity A 


Potential difference between A 


ABCD is and D through path 
1 


Van = 9 volt 


EXAMPLE |3| In the circuit shown in figure £ £ G, H 
are cells of emf 2, 1, 3 and 1 V respectively, and their 
internal resistances are 2, 1, 3 and 1 Q, respectively. 
Calculate 


A 2 B 
29 H 
F 
D 
5 Je 


(i) the potential difference between B and D and 


(ii) the potential difference across the terminals of each 
cells G and H. 


Sol. 


3V an 
Applying Kirchhoff’s second law in loop BADB, 
2-2} -i -1- 2(i, - 2) =0 wi) 


Similarly, applying Kirchhoff’s second law in loop BDCB, 
Ai, — in) +3— Big -lh -1=0 aii) 
Solving Eqs. (i) and (ii), we get 
ee 
ET °F. 3 
and i, -i= re 
(i) Potential difference between B and D, 
Vg -Vp =- Ai, =ij= 


13 
l l ge a 


6 19 
= poe: ee = =—V 
Va = Ey +i =1 455%) 13 
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WHEATSTONE BRIDGE 


It is an arrangement of four resistances used to 
of them in terms of the other three. ! 
Consider four resistances P,Q, R and S are connected in 
the four arms ofa quadrilateral. The galvanometer G anda 
tapping key K , are connected between points B and D. The 
cell of emf £ and l-way key K, are connected between 
points A and Cas shown in the figure. Resistances PandQ 
are called ratio arms, resistance R is a variable resistance and 
Sis unknown resistance. 

The bridge is said to be balanced, when the galvanometer 


gives zero deflection. Thus, we have balance condition as 


measure one 


Proof 


In figure, four resistances P, Q, Rand S are connected in 
the four arms of a parallelogram ABCD. Between B and D 
there is a sensitive galvanometer and a cell is connected 
between A and C. K, and X, are two keys. By pressing the 
key K, a current / is allowed to flow from the cell. At the 
point A, the current / is divided into two parts. 


One part 4, flows in the arm AB and the other part é, flows 
in the arm AD. The resistances P, Q, Rand S are so adjusted 
that on pressing the key A, there is no deflection in the 
galvanometer G. That is, there is no current in the diagonal 
BD . Thus, the same current /, will flow in the arm BC as in 
the arm AB and the same /, will flow in the arm DC as in 
the arm AD, 


Applying Kirchhoff ’s second law for the closed loop 
BADB, we have 


Pi, = Ri; | sel) 
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Similarly, for the closed loop CBDC, we have 


Qi, =Si; vant tt 
` Dividing Eq. (i) by Eq. (ii), we have 
i,P BR P_R 
ee OL SS 
1 of 2 § 


It is clear from this formula that if the ratio of the 
resistances P and Q and resistance R are known, then the 
unknown resistance S can be calculated. This ‘is why, the 
arms AB and BC are called ratio arms, arm AD known arm 
and arm CD unknown arm. dl 
When the bridge is balanced, then on interchanging the 
positions of the galvanometer and the cell there is no effect 
on the balance condition of the bridge. Hence, the arms BD 
and AC are called conjugate arms of the bridge. (In 
balanced state, no current flows in the galvanometer arm, 
hence while computing the equivalent resistance between A 
and C, the resistance connected between B and D may be 
neglected.) The sensitivity of the bridge depends upon the 


- values of the resistance. The bridge is maximum sensitive, - 


when all the four resistances are of the same order. 
According to Maxwell, for greater sensitivity of the bridge, 
the galvanometer or the battery whichever has the higher 
resistance should be connected across the junctions of two 
highest and two lowest resistances. 

Note The Wheatstone bridge is most sensitive, when the 
resistance of all the four arms of the bridge is of same order (or 
same), i.e. null point is obtained at the middle of bridge wire. 

The advantage of null point method /zero deflection in a 
Wheatstone bridge is that the resistance of galvanometer 
does not affect the balance point, there is no need to 
determine current in resistances and internal resistance of a 
galvanometer. 


EXAMPLE |4| In a Wheatstone bridge circuit, P = 7Q, 
Q=89, R=12Q and S=7Q. Find the additional 
resistance to be used in series with S, so that the bridge is 
balanced. 


Sol Let the bridge be balanced when additional resistance x 
is put in series with S, 


Then, (S + x)= 2r 
Q 8 
== R-S =-x12- = 
or x P 7 7 6.72Q 


EXAMPLE |5| The Wheatstone bridge Circuit have th 
resistances in various arms as shown in figure, Calcul n 
the current through the galvanometer, me 


Sol. In the closed loop ABDA, 
100 I, +151, —60 I, =0 


= 201, +31, -121, =0 (i) 
In the closed loop BCDB, 
11, -I,)-5 (1, +I )-15I, =0 
=> 10, -30 I, -5 I, =0 
=> 2I, -6I —I, =0 (ii) 
In the closed loop ADCEA, 
601, +5(I,+1,)=10 
=> 651, +51, =10 
> 13], + I, =2 ...(iii) 
On solving Eqs. (i), (ii) and (iii), we get 
I, =4.87 mA 


| TOPIC PRACTICE 4| 


OBJECTIVE Type Questions 


Í. Kirchhoff’s current 
conservation of 
(a) energy 
(c) charge 


law is consequence of 


(b) momentum 
(d) mass 


B ! 
2Q | 
32 | 
2A | 
A 
C | 
4 
6Q | 
(a) izy D 
(clay ` (b)6év 


(d) zero | 


Current Electricity 


3, The Wheatstone bridge and its balance 
condition provide a practic 
determination of an 
(a) known resistance 
(b) unknown resistance 
(c) Both (a) and (b) 

(d) None of the above 


al method for 


VERY SHORT ANSWER Type Questions 
4, State Kirchhoff’s first law. All India 2010 
5. State Kirchhoff’s second law. 


6. When a Wheatstone bridge is most sensitive? 


SHORT ANSWER Type Questions 


7. Use Kirchhoff’s rules to obtain the balance 
condition in a Wheatstone bridge. Delhi 2012 


8. For the circuit diagram of a Wheatstone bridge 
shown in the figure, use Kirchhoff’s laws to 
obtain its balance condition. 


Delhi 2009 
NUMERICAL PROBLEMS 
9. Using Kirchhoff’s rules in the given circuit, 
determine 


(i) the voltage drop across the unknown 
resistor R. 


(ii) the current J in the arm EF. 


10. A battery of 10 V and negligible internal 
resistance is connected across the diagonally 
opposite corners of a cubical network consisting 
of 12 resistors each of 1 Q resistance. Use 
Kirchhoff’s rules to determine 

(i) the equivalent resistance of the network. 


All India 2011 


155 


t in the network. 
(ii) the total current i All India 2010 


11. Figure shows two circuits each having a 
galvanometer and a battery of 3 V. 
When the galvanometer in each arrangement 


do not show any deflection, obtain the ratio 
R/R. All India 2013 


42 R; 120 


62 92 


| HINTS AND SOLUTIONS | 


1. (c) According to Kirchhoff's law, the algebraic sum of 
the currents is meeting at point in an electrical circuit is 
always zero, i.e. at any junction, the charge cannot be 
stored and cannot be loss. So, Kirchhoffs current law is 
consequence of conservation of charge. 


2. (d) In Wheatstone bridge, Tan 
Q 5 

pi ihka 12 

or - = -2 

3 6 3 


i.e. in the balanced condition, Vg — Vp =0 
3. (b) In meter bridge balanced wheatstone bridge is used 
to determine unknown resistance. 


4. Kirchhoff's first law states that the algebraic sum of 


currents at a junction in an electrical circuit is zero, ie. 
ÈI =0. 


5. Kirchhoffs second law states that the algebraic sum of 
changes in potential around any closed loop involving 
resistors and cells in the loop is zero. 


6. The Wheatstone bridge is most sensitive, when the 
resistance of all the four arms of the bridge are equal. 


T. Refer to text on page 154. 
8. Refer to text on page 154. 
Put P= R,,Q=R,, R= R, 


and S = R}. 
9. (i) Applying Kirchhoffs second rule in the closed loop 
ABFEA, 
> Vp -V, =-2 


S V=V,-Vg=+2V 
Potential drop across R is 2 V as R, EF and upper row 
are in parallel. 
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(ii) Applying Kirchhoff’s first rule at £ 
0.5 +1,=I 

where, J is current through R. 

Now, Kirchhoffs second rule in closed loop FEABF, 

— 21, 4+ 4-34+05x 2=0 

21, -2=0 
or I,=1A 
The current in arm EF = 1A 
10. Let6 I current be drawn from the cell. Since, the paths 

AA’, AD and AB are symmetrical, current through them 
is same. 
As per Kirchhoff's junction rule, the current distribution 
is shown in the figure. 


> 6IR =10 


[~ E =10 V]...(i) 


(ii) Applying Kirchhoff ’s second rule in loop 
AA‘B‘C’A, 
— 21x1-Ix1-—2I1 x1+10=0 
=> 5J =10 
= T=2A 
Total current in the network 
=6]=6xX2=12A 


| Allzwone | PHYSICS Clas, al 
| 


From Eq. (i), we get 


6IR =10 

=> 6X 2x R=10 

10 5 
=—=_Q 

= 12 6 

11. 
4Q R; 
6Q 92 
3V 


For balanced Wheatstone bridge, there will be no 
deflection in the galvanometer. 
— = s => R, =—— =62 
R 9 


62 122 


© 


For the equivalent circuit, when the Wheatstone bridge 
is balanced, there will be no deflection in the 
galvanometer. 


P 
| 
X 
| 
| 
1 


—- Á 


\ 
SUMMARY 


» Electric Current It is defined as the rate of flow of electric’ 
charge through any cross-section of a conductor, i.e. 
I = (dq /at) 
» The directed rate of flow of electric charge through any 
cross-section of a conductor is known as electric current. 


[-q =ne] 
where, n=number of charged particles constitute the current 

« Current Density It is the ratio of the current at a point in 
conductor to the area of cross-section of the conductor at that 
point, ie. J =(I/ A) 

= Ohm’s Law Atconstant temperature, the potential difference 
V across the ends of a given metallic wire (conductor) in an 
circuit (electric) is directly proportional to the current flowing 
through it. 

I 


Væl 
The variation of current w.r.t. applied potential difference is 
shown with the help of given graph. 

V=IR 
where, R =resistance of conductor. 

* Flow of Electric Charges in Metallic Conductors In case of 
solid conductor, large number of free electrons causes the 
strong current in them. 

In the case of a liquid conductor, movemen 
negative charged ions causes the electric current. 

* Resistance of a Conductor Mathematically, it is the ratio of 
potential difference applied across the ends of conductor to 


t of positive and 


the current flowing through it. 
V 

=> R=- 
I 


SI unit is ohm (Q). 
Resistance can also be written as, R=P 7 


where, L =length of the conductor, 
A=area of cross-section 
and p= constant, known as resistivity of the material. 
It depends upon nature of the material. 
* Effect of Temperature on Resistance 
For metals, resistance increases with rise in temperature. 
For insulators and semiconductors, resistance decreases with 
tise in temperature. 


For alloys, temperature coefficient of resistance is small. 


Temperature coefficient of resistance is given by 
R -R, 
R, t g~ t;) 
Drift Velocity It is defined as the average velocity with which 


the free electrons move towards the positive end of a 
conductor under the influence of an external electric field 


applied. 


a= 


2 hiya t 
3 m 


where, t = relaxation tim: 
E = electric field, 
m = mass ande = electron. 


« Relation between Drift Velocity and Electric Field 


Itis given by, | = neAvg 

where, n =number density of free electrons, 
e =electronic charge, 
A= cross-sectional area 


and =v = drift velocity of an electron. 
The ratio of drift velocity of electrons and the applied electric 
field is known as mobility. 


=> ==> =— 
«St unit is [m°s~'V~']. 


Resistivity It is the resistance of a unit length with unit area of 
cross-section of the material of the conductor. 


» Relationship between resistivity and relaxation time 


ee 


ne*t 
where, qt =relaxation time. 


Specific resistance or resistivity (p) depends on the material of 
conductor, not on the length and cross-sectional area (A), i.e. 
geometry of conductor. 


Effect of Temperature on Resistivity 
For metals, resistivity increases with increase in temperature. 


For semiconductor, resistivity decreases with increase in 
temperature. 


For alloys, resistivity is very large but has a weak dependence 
on temperature. 


Classification of Materials in terms of Conductivity 
For insulators, electrical conductivity is very small or nil. 
For conductors, electrical conductivity is very high. 


For semiconductors, electrical conductivity lies in between that 
of insulators and conductors. 
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Conductance and Conductivity 

Conductance is the reciprocal of resistance of conductor. 
Conductivity is the reciprocal of the resistivity of conductor. 
Electrical Energy and Power Electrical energy is the total 
work done in maintaining the electric current in the given circuit 
for a specified time. 

Electrical power is the rate of electrical energy supplied per unit 
time to maintain flow of electric current through conductor. 
tnternal Resistance and Electromotive Force of a Cell 

EMF (E) It is the maximum potential difference between two 
terminals of circuit, when circuit is open. 

Internal Resistance (r) The resistance offered by the electrolyte 
of the cell, to the flow of current through it. 


Terminal Potential Difference (V) It is the maximum potential 
difference between two terminals of circuit, when the circuit is 


closed. . 
The relationship between r, R, E and Vis 


rele) ao 


where, r =internal resistance, R = external resistance, 
E =emf of cell, V = terminal voltage of cell, 
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E 
Iso, V =E -Ir =| ——]R wlll 
Also E-Ir (a) (i) 


Combination of Cells 
In series grouping, current is:given by, J = (ne / R+ nr). 


In parallel grouping, current is given by, J = (me / r + mR). 
mne ) 


In mixed grouping, current is given by, J = | ——— 
grouping g y 2 


Kirchhoff’s Laws 

First Law (Junction Rule) The algebraic sum of the currents 
meeting at a point in an electrical circuit is always zero. 
Second Law (Loop Rule) The algebraic sum of changes in 
potential around any closed loop involving resistors and the 
cells in the loop is zero. 

Wheatstone Bridge It is an arrangement of four resistances 
used to measure one of them in terms of another three. The 
bridge is said to be balanced when the galvanometer shows 
zero deflection. 


The balance condition is 


Old 
i] 
| 


\CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 


1. 


Apotential difference V is applied to a copper 

wire of length / and diameter d. If V is doubled, 

then the drift velocity 

(a) is doubled (b) is halved 8. 


(c) remains same (d) becomes zero 


A potential difference of 100 V is applied to the 
ends of a copper wire one metre long. What is 
the average drift velocity of electrons? 
(given, o = 5.8110’ Q7 or ngo, = 8.5x 10 m°) 


(a) 0.43 ms" (b) 0.83 ms? 

(c) 0.52 ms’ (d) 0.95 ms! 

Unit of specific resistance is 

(a)ohm~}-m7! (b) ohm~ t-m 

(c) ohm-m ~ 1 (d) ohm-m 9 


The length of 50 Q resistance becomes twice by 
stretching. The new resistance is 


(a)25Q (b)502 (c)100Q2 (d) 2002 
A metal rod of length 10 cm and a rectangular 


: 1 : 
cross-section of lcm x 7 cm is connected to a 


10. 


battery across opposite faces. The resistance 
will be 
(a) maximum when the battery is connected across 


1 
1 cm x — cm faces 
2 
(b) maximum when the battery is connected across 


10 cm X 1 cm faces 
(c) maximum when the battery is connected across 


10 cm x - cm faces 


(d) same irrespective of the three faces 


. The electric power consumed by a 220 V-100 W 


bulb, when operated at 110 V is 
CBSE 2021 (Term-I) 


(a)25w (b)30W (c)35W = (d) 45 W 
If an ammeter is to be used in place of a 


` voltmeter, then we must connect with the 


ammeter a CBSE 2021 (Term-!) 


(a) low resistance in parallel 
(b) low resistance in series 
(c) high resistance in parallel 
(d) high resistance in series 


Kirchhoff's first rule, J = 0 and second rule, 
ZIR = XE (where the symbols have their usual 
meanings) are respectively, based on 

CBSE 2021 (Term-I) 


(a) conservation of momentum and conservation of 
charge 


(b) conservation of energy and conservation of 
charge 


(c) conservation of charge and conservation of 
momentum 


(d) conservation of charge and conservation of energy 


. Which of the following has negative 


temperature coefficient of resistivity? 
CBSE 2021 (Term-I) 
(a) Metal 
(b) Metal and semiconductor 
(c) Semiconductor 
(d) Metal and alloy 


If the potential difference V applied across a 
conductor is increased to 2V with its 
temperature kept constant, then the drift 
velocity of the free electrons in a conductor will 


CBSE SQP (Term-1) 
(a) remain the same 

(b) become half of its previous value 

(c) be double of its initial value 

(d) become zero 


Aconstant voltage is applied between the two 
ends of a uniform metallic wire, heat H is 
developed in it. If another wire of the same 
material, double the radius and twice the length 
as compared to original wire is used, then the 
heat developed init willbe CBSE SQP (Term-I) 
(a) H/2 (b) H 

(c) 2H (d) 4H 


160 


12. 


13. 


14. 


15. 


In a DC circuit, the direction of current inside 

the battery and outside the battery, respectively 

are CBSE SQP (Term-I) 

(a) positive to negative terminal and negative to 
positive terminal 

(b) positive to negative terminal and positive to 
negative terminal 

(c) negative to positive terminal and positive to 
negative terminal 

(d) negative to positive terminal and negative to 
positive terminal 

A cell of emf (E) and internal resistance r is 

connected across a variable external resistance 

R. The graph of terminal potential difference V 

as a function of R is CBSE 2020 


V. 
E 
O R 
(a) (b) 
V. V. 
oO R R 


(c) (d) 


The current i and voltage V graph for a given 
metallic wire at two different temperatures T, 
and T, are shown in the figure. It is concluded 


that 


(a) T, > T,(b) T, <T, (c) T, =T, (d) T, =2T, 


The electromotive force of cell is 5V and its 
internal resistance is 2 Q. This cell is connected 
to external resistance. If the current in the 
circuit is 0.4 A, then voltage of poles of cell is 
(a)5 V (b) 5.8 V (c) 4.6 V (d) 4.2 V 


ASSERTION AND REASON 

Directions (Q. Nos. 16-21) Zn the following questions, two 
statements are given- one labeled Assertion (A) and the other 
labelled Reason (R). Select the correct answer to these questions 


from the codes (a), (b), (c) and (d) as given below 


16. 


17. 


18. 


19. 


20. 


21. 
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(a) Both Assertion and Reason are true and Reason j, 
the correct explanation of Assertion. 

(b) Both Assertion and Reason are true but Reason i, 
not the correct explanation of Assertion. 

(c) Assertion is true but Reason 1$ false. 

(d) Assertion is false but Reason is true. 


Assertion The average time of collisions ¢, 
decreases with increasing temperature. 
Reason At increased in temperature, average 
speed of the electrons, which act as the carriers 
of current, increases, resulting in more frequent 


collisions. 
Assertion Charge carriers do not move with 
acceleration, with a steady drift velocity. 
Reason Charge carriers under go collisions 
with ions and atoms during transit 
Assertion If we bend an insulated conducting 
wire, the resistance of the wire increases. 
Reason The drift velocity of electron in bended 
wire remains same. 

Assertion The drift velocity of electrons ina 
metallic wire decreases when temperature of the 
wire is increases. 


Reason On increasing temperature, 
conductivity of metallic wire decreases. 


Assertion Manganin and constantan are widely 
used in standard resistors. 

Reason Manganin and constantan resistances 
values would change very little with 
temperatures. 


Assertion Higher the range, lower is the 
resistance of an ammeter. 


Reason To increase the range of an ammeter, 
additional shunt is added in series to it. 
CBSE 2021 (Term) 


CASE BASED QUESTIONS 


Directions (Q.Nos, 22-23) This question is case study based 


question, Attempt any 4 
, sub-parts from thi ion.. Each 
question carries 1 mark. parts fr ns questi 


22. 


Potential Difference 


= ati tates difference (V) across a source in? 
the tennin ct to its emf (e). This is due t 
as some inter every source of electric energy 
andr are related re tance (r). Further, £, V 
Single batt man to each other as V = e- Ir. A 
“ry shown in figure, consists of tw° 


Current Electricity 


23. 


cells of emf’s € i 
14nd e, and internal resistance 


: esr 
and r,, respectively in seri ne 1 


(i) The current in the internal circuit is 


(a) zero (b) E€ —&, 
n +r, 

€ + 
(c) a (d € =£; 
mtr. ren 
1 2 n +r, 


(ii) The equivalent emf of the battery is 
(a) (£, + €) (b) (£, = E,) 


(©) (ez -&) Opee 
n + ly 
(iii) For the terminal A to be positive 
(a) €, >£, (b) £, >£; 


(c) £&7 =£:7 (d) €r, > €or, 
(iv) The internal resistance of the battery is 


(a) (A +r) (b) (ntn) 
nr 
nn d n 

i (7, +r) 9 va 


(v) The algebraic sum of. changes in potential 
around any closed loop involving resistor 
and cells in the loop is 
(a) more than zero (b) less than zero 
(c) zero .(d) constant 


An experiment was set-up with the circuit 

diagram shown in figure. Given that, R, =10Q, 

R, =R; =5Q,r=OQandE=5V . 
CBSE 2021 (Term-I) 


(i) The points with the same potential are 


hed fbi Caaf Wabi 


16] 


(ii) The current through branch bgis 
wia bla (=A (d) ŻA 
3 2 3 


(iii) The power dissipated in R; is 
(a) 2 W (b) 2.5 W 
(c)3 W (d) 4.5 W 

(iv) The potential difference across R, is 
(a)1.5V (b)2V (c)25V (d)3V 


FILL IN THE BLANK 


24. 


A copper wire of non-uniform area of 
cross-section is connected to a DC battery. The 
physical quantity which remains constant along 
the wire is....... ‘ 


VERY SHORT ANSWER Type Questions 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


What is the significance of direction of electric 
current? 


Describe how the resistivity of the conductor 
depends upon 

(i) number density (n) of free electrons and 
(ii) relaxation time (1). 


Two conducting wires A and B of the same 
length but of different materials are joined in 
series across a battery. If the number density of 
electrons in A is twice than that in B, find the 
ratio of drift velocities of electrons in two wires. 


. How does the mobility of electrons ina 


conductor change, if the potential difference 
applied across the conductor is doubled, 
keeping the length and temperature of the 
conductor constant? CBSE 2019 


When a potential difference is applied across 

the ends of a conductor, how is the drift velocity 

of the electrons related to the relaxation time? 
CBSE 2019 


How is the drift velocity in a conductor affected 
with the rise in temperature? CBSE 2019 


Show variation of resistivity of copper as a 
function of temperature in graph. 


On what basic conservation laws, are 
Kirchhoff’s laws based? 


Define the conductivity of a conductor, Write its 
SI unit. All India 2017 C 
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SHORT ANSWER Type Questions 


34. 


35. 


39. 


41. 


42. 


Figure below shows a plot of i Q 
current versus voltage for two i J 
different materials P and Q. 
Which of the two materials 
satisfies Ohm's law? Explain. V 


Derive the expression for the 
resistivity of a good conductor in terms of the 
relaxation time of electrons. 


Write the expression for the resistivity of a 
metallic conductor showing its variation over a 
limited range of temperatures. 


Car batteries are often rated in unit ampere 
hours. Does this unit designate the amount of 
current, energy, power or charge that can be 
drawn from the battery? Explain. 


Two bulbs are rated (P,,V) and (P,,V). If they are 
connected (i) in series and (ii) in parallel across 
a supply V, find the power dissipated in the two 
combinations in terms of P, and P}. CBSE 2020 


A wire of length L, has a resistance Rg. It is 
gradually stretched till its length becomes: 2 Lo- 
CBSE 2020 


(a) Plot a graph showing variation of its 
resistance R with its length L during 
stretching. 

(b) What will be its resistance when its length 
becomes 2 Lg? 


A wire of length Lọ has a resistance Rọ. It is 
gradually stretched till its length becomes 1.5 
Lo- 

(a) Plot a graph showing variation of its 
resistance R with its length / during 
stretching. 

(b) What will be its resistance when its length 
becomes 1.5 Lo? 


Is there some net field inside the cell, when the 
circuit is closed and a steady current passes 
through? Explain. 


The plot of the variation of V 

potential difference acrossa_ gy 

combination of three 

identical cells in series versus 

current is as shown in the 

figure. What is the emf of (o) I 
1A 

each cell? 
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43. R, R, and R, are three different values of 
resistor R. Such that R, > Ry >Rz 
A, B and C are the null points obtained 
corresponding to R,, R; and R3, respective] 


For which resistor, the value of X will be Most 


accurate and why? 


The figure shows a plot of terminal voltage 
V versus the current I of a given cell. 
Calculate from the graph 

(i) emf of the cell. 


(ii) internal resistance of the cell. All India 2017¢ 


6V 


4V 


O—F0A 20A 7 


LONG ANSWER Type I Questions 


45. Using Kirchhoff’s rules, calculate the current 


through the 40 Q and 20 Q resistors in the 
following circuit. 


a 20.2 


OQ 


46. Show on a plot, variation of resistivity of (i) 


CBSE 2019 


a 


conductor and (ii) a typical semiconductor aS ê 


function of temperature. 


a the expression for the resistivity in terms 
A a density and relaxation time betwee” 
€ collisions, explain how resistivity in the case 


o l : 
: a 2 pendugtor increases while it decreases in 

conductor, with the rise of temperature. 
CBSE 


a 


2019 


current Electricity 


47. With the help ofa suitab] 


48. 


e diagram, explain in 


brief about the sensitivity of Wheatstone 


bridge? 


Define the term current sensitivity of a 
galvanometer. In the circuits shown in the 
figures, the galvanometer shows no deflection 
in each case. Find the ratio of R, and R}. 


4Q R, 6Q 1229 


9 
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LONG ANSWER Type II Questions 


49, 


50. 


A variable resistor R is connected across a cell 
of emf E and internal resistance r. 

CBSE SQP (Term-I) 
(a) Draw the circuit diagram, 


(b) Plot the graph showing variation of potential drop 
across R as function of R. 


- (c) At what value of R, current in circuit will be 


maximum? 


A storage battery is of emf 8V.and internal 
resistance 0.5 9 is being charged by DC supply 
of 120 V using a resistor of 15.5 Q. 
CBSE SQP (Term-]) 
(a) Draw the circuit diagram. 
(b) Calculate the potential difference across the 
battery. 
(c) What is the purpose of having series resistance in 
this circuit? 


NUMERICAL PROBLEMS 


51. 


52. 


At20°C, the carbon resistor in an electric circuit 
connected to a 5 V battery has a resistance of 
200 Q. What is the current in the circuit when 
the temperature of the carbon rises to 80° C? 


Asemiconductor has electron concentration 
0.45x10"2 mê and hole concentration 

5x102 mê, Find its conductivity. Given, 
electron mobility = 0.135 m’/Vs and hole 


Mobility = 0.048 m?/ Vs, é=1.6 x 10e. 


54. 


55. 


56. 


11. 
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. Write any two factors on which internal 


resistance of a cell depends. The reading ona 
high resistance voltmeter when a cell is 
connected across it is 2.2 V. 


When the terminals of the cell are also 
connected to a resistance of 5 Q as shown in the 
circuit, the voltmeter reading drops to 1.8 V. 
Find the internal resistance of the cell. 


The emf of a battery is 2 V and its internal 
resistance is 2 Q. Its potential difference is 
measured by a voltmeter of resistance 998 Q. 
Calculate the percentage error in the reading of 
emf shown by the voltmeter. 


For what value of unknown resistance y, the 
potential difference between A and B is zero in 
the arrangement as shown in figure given 
below? 


The resistance of a potentiometer wire of length 
10 mis 20 Q. Aresistance box anda 2V 
accumulator are connected in series with it. 
What resistance should be introduced in the 
box to have a potential drop of 1:.V/mm of the 
potentiometer wire? 


ANSWERS 


(a) 2. (a) 3. (d) 4. (d) 5. (a) 
(a) 7. (a) 8. (d) 9. (ù) 10. (ġ 
(c) 12. (c) 13. (b) 14. (a) 15. (d) 
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16. 


17. 
18. 


19. 


20. 


2L 
22. 


Gi) 


(iii) 


(iv) 


(v) 


27. 


a) Withi i 
$ at had pate in temperature, average speed of the 
saatnes w acts as the carriers of current) increases 
n g in more frequent collisions. The average time of 

collisions T, thus decreases with temperature. 

(a) Charge carriers do not move with acceleration but 
with a steady drift velocity. This is because of the 
collisions with ions and atoms during transit. 

(d) Bending will not increase the resistance of the 
conducting wire. Also drift velocity of electron is 
independent of bending of conductor.. 

(b) Increasing the temperature of a conductor, the 
kinetic energy of free electrons increases. 

On account of this, they collide more frequently with 
each other (and with the ions of the conductor) and 
consequently their drift velocity decreases. 

(a) Manganin and constantan have very low temperature 
coefficient resistance. i 


(a) 


(i) (9 Net current, I = Net emf 


_ &y +E? 
Total resistance 4+h% 
(d) Equivalent emf of battery 
e=V,-V,=&, -In à 
=£, -(2+ a (6% - £:n) 


ntn (n +r) 


(d) Terminal A is positive,if V4 > Vp or V,—V,>0 
or (E£, — €2%)>0 
or En > Ez 


(a) Since, ņ and r, are in series, so resultant resistance is 
r=nņn+r, 
(c) Loop Rule The algebraic sum of changes in 
potential around any closed loop involving resistors and 
cells in the loop is zero. This rule is also obvious, since, 
electric potential is dependent on the location of the 
point. Thus, starting with any point, if we come back to 
the same point, the total change must be zero. In a closed 
loop, we do come back to the starting point and hence the 


rule. LJr = LV 

(i) (b), Gi) (2, Gi) (b), Gv) (9 

Current 

Electric current is caused by the flow of electrons in a 
conductor. But the direction of electric current is taken 
as the opposite direction of movement of electrons. 


Resistivity of a conductor is given by p=—5 
ne T 


(i) Resistivity P « 1 where n is the number density of 
n 


free electrons. 
1 F 
(ii) Resistivity p * — where tis the relaxation time. 
T 


As the wires A and B are joined in series, the current 


through them is same. 
I,=1 


5 \ 
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(neAvy), =(neAva)n 
Nava, = NpVdy 
onl 


ny 2 


[as] =n 
e Av) 


Vda 


Vin 


28. The mobility of electrons in a conductor is given by 


29. 


30. 


31. 


32. 


33. 
34. 


35. 
36. 
37. 


i a et 

u =-— 

m 

where, e = charge on electron, m = mass of electrons and 
t= relaxation time. 


Also, t œ T. 
But here temperature (T) is kept constant. As mobility i 
independent of potential difference, so there is no change 
in it. 

` me eE 
Average drift velocity, v4 = a T 


where, e = charge on electron, 
m = mass of electron, 
E = electric potential or field across conductor 


and t = relaxation time. 


F e 
The average drift velocity, va = — T 
m 


where, T = relaxation time. 
The relaxation time is directly proportional to the 
' temperature of conductor i.e. 
tx<T 
s vy £T 
So, the drift velocity increases with rise in temperature. 
Graph of resistivity of copper as a function of 
temperature is given below (resistivity of metals 
increases with increase in temperature). 


> 
a 


Resistivity p(10-8 a-m) 
o 
M 


50 
Temperature T (K) — 


150 


(e) 


100 


of charge and Kirchhoffs voltage law is based on law of 


| 
Kirchhoffs current law is based on law of conservation | 
conservation of energy. 

| 
Refer to text on page 130, 


The plot of V versus I is a straight line for materials that 
obey Ohm's law. So, from the figure, material P obeys 
Ohm’s law. 


Refer to text on pages 128 and 129. 
Refer to text on pages 129 and 130. 


Ampere hours is the unit of charge as ampere is the unit 
of current and hours is the unit of time. 
Charge = Current x Time. 


current Electricity 


s i y? 

resistance P is R = — 

g8. The OSA P 
y? 

and that P, is R, = — 
P, 


(i) In series, R= R, +R, 
V V 
> [=—= 
R R+R, 
and P=/°(R, +R,) 
2 
= R +R 
TETTA 2) 
= : = 1 = RP, 
Roki L RAR 
V v) RP BR 
2 2 2 
(i) ipiri; teL La nY 
R R, R, R R R, 


39. (a) Initially, the resistance R, of a wire of length L, is 


given by 
R =p i) 
0 Ay s. 

=> . Ri“ Lo 

The variation of resistance R with length L during 
stretching is shown as 

R 
L 


(b) When a wire is stretched to 2L,, the area of wire 


A : 
becomes rs So, the new resistance will be 


R= Plo = apte =4 Ry 
A,/2 Ay 
“The resistance of wire becomes 4 times of previous, 
40. (a) Refer to Q. 39 on page 162. 
(b) 2.25 R,; Refer to Q. 39 on page 162. 
41. Refer to text on page 140. 
42. When three identical cells are connected in series, the 
equivalent emf is given by 
Eq =E, +E, +E, =3E 
From the graph, 3E =6V 
> = 6 =2V 
3 
“^. Emf of each cell = 3V 


[using Eq. (i)] 
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43. The figure given is'a potentiometer . The sensitivity of 
potentiometer can be increased by reducing the current 
in the circuit. This can be done by increasing the value 
of R. So, the value of X will be most accurate for R,. 

44. V=E-ir 
(i) When ií =0, then V = E. 

When i = 0, then V = 6V (from the graph) 
<. emf of the cell (E) =6V 
(ii) When i = 2A, then V = 0 (from the graph) 


E=irar=—=°=30 
i 2 
45. Taking loops clockwise as shown in figure. 
80V aQ 


O ae 
Using KVL in ABCDA, 
=80 + 20], + 40(J, —1,)=0 
> 31, — 21, =4 -.-(i) 
Using KVL in DCFED, 
—40 (1, - 1,) +101, -40=0 
=> -41, +51, =4 (ü) 
From Eqs. (i) and (ii), we get 
IL=4A 
and 1,=4A 
Thus, 1, =1,-1,=0A 
Ig =1,=4A 


46. (i) and (ii) Refer to text on pages 129 and 130. 
(Temperature Dependence of Resistivity) 
Refer to text on pages 128 and 129. 
(Resistivity of Various Materials) 

47. Refer to text on pages 153 and 154. 


48. Current sensitivity of a galvanometer is defined as the 
deflection per unit current. 


For balanced Wheatstone bridge, there will be no 
deflection in the galvanometer. 


x 
=> as! gka ata N 
4 6 3 
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For the equivalent circuit, when the wheatstone bridge 
is balanced, there will be no deflection in the 


galvanometer. 
5 12_ 6 
8. R, 
12 
z R _ 8/32 
R, 4 3 i 
49. (a) Circuit diagram 
I 
r 
+ - 
E 


(b) Variation of potential drop across Ras function of Ris 


E V= (i E sal 


R 


(c) The maximum value of current is obtained, when the 
resistance of external resistance R is zero, 


= —_— ? 


5 
50. Given, E =8V, r=05Q, 
V =120V and R=1552 

(a) 15.52 120 V DC supply 


i.e. Toit 


ier 


(b) Potential across battery in charging 
V=£+Ir 
Effective voltage, V’ = V - E =120-8=112V 
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12 
in circuit, I =———- =7A 
The current inc TT 


=>V=8+7x05 
=8+35=115V 


(c) Series resistor in the charging circuit limits th 
current drawn from the external source. 


51. Refer to text on page 129. (Ans, 26 mA] 

52. Refer to text on page 130. [Ans. 3.84 Sm“ 
1 

53. Refer to Example 1 on page 141. [Ans ; q 


54. Given, E = 2V 


r=2Q 
From the diagram, 
‘Qe! '2Vv,22 
/ 
998 Q 
_ 2 tee 
2+998 1000 


Veiwieoewt- x2 
1000 
= 2- 0.004 = 1.996 V 


0. 
.% error = a x 100 = 0.2% 


Thus, it is a balanced Wheatstone bridge. [Ans. 180) 
56. Apply the balancing condition of a potentiometer 
Given, E =2 volt. 
V =.0.01 volt 
R=2Q/m 


Let r is resistance introduced in the box 


s r=(E-1 R 
pä 7 


ú r=398Q [Ans. 398 9) 


| 


Electricity and magnetism have been known to us for more than 2000 years and we 
treated them as two separate subjects, The first evidence for the existence of relationship 
m A Ty betwĉen electricity and magnetism was observed in 1820 by Hans Oersted, the man 
Nee AOS Pa 


Faa who himself used to demonstrate that electricity and magnetism had got no 
l =e relationship with each other. 
s 


8-9 Sus Te 
“wy aad yay 
i } 


MOVING CHARGES 
AND MAGNETISM 


So, in this chapter, we will be going to study magnetism produced by a 


moving charge and further we will proceed with Ampere’s circuital law and > CHAPTER CHECKLIST | 


| 
its applications and at last, the chapter will be ended with magnetic force e Magnetic Field and Its | 
and torque between two parallel conductors. All the topics mentioned above Applications 
are discussed in detail, so it will be more interesting to understand them very e Ampere's Circuital Law 
carefully after going through each and every sentence very thoroughly. and Moving Charges 
| e Magnetic Force and Torque 


[TOPIC 1| » 
Magnetic Field and Its Applications 


Experienced by a Current Loop 


MAGNETIC FIELD 


In electrostatics, we studied that a static charge produces an electric field. 
Similarly, a moving charge or current flowing through a conductor produces-a 


magnetic field. 
The space in the surroundings of a magnet or a.current carrying conductor in 
Which its magnetic influence can be experienced is.called magnetic field. 
The SI unit of magnetic field is tesla (T) or weber/metre? (Wbm™) or 
NA“'m™! and its CGS unit is gauss (G). 

1 tesla = 104 gauss 


Oersted’s Experiment 

In the summer of 1820, HC Oersted by his experiment concluded that a 
Current carrying conductor deflects magnetic compass needle placed near it, ei 
Ound that the alignment of magnetic needle is tangential to an imaginary circle 
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Which has the 
Perpendicular 


Straight wire as its centre and has its plane 
to the wire as shown in Fig. (a). 


—= itge ` 


(a) (o) o 


dieten is reversed, the needle is deflected in opposite 
sph as shown in Fig. (b). The deflection of the needle 
iCates that a magnetic field is established around a 
current carrying wire. On increasing the current in the wire 
or bringing the needle closer to the wire, the deflection of 
€ needle increases. He also found that the iron filings 
sprinkled around the wire arrange themselves in concentric 
circles with the wire as the centre as shown in Fig. (c). 
This experiment shows that the magnetic field is produced 
due to electric current. Electric current: means moving 
charge, so it can be concluded that moving charges produce 
magnetic field in the surroundings. 
Note A current or field (electric or magnetic) emerging out of the 
Plane of the paper is represented by a dot (©) and going into the 
plane of the paper is represented by a cross (8). 
Consider a conducting wire AB be placed over the magnetic 
needle parallel to it. It will be found that the North pole of 
needle gets deflected towards the West as shown in Fig. (e). If 
the direction of current is reversed, then the North pole of 
needle gets deflected towards East as shown in Fig. (f). 


Battery Key Battery Key 
+h; =, i+ 
Conducting 
wire 
S O 
S N 
(0) (e) o) 


Direction of deflection of 
magnetic needle 


The direction of deflection of magnetic needle due to 


current in the wire is given by Ampere’s swimming rule. 


Ampere’s Swimming Rule 
; is rule, if we imagine a man is swimmin 

According ria the direction of current with his face 
pra towards the magnetic needle, so that the current 
turne hrougli his feet and leaves at his head, then the 
m t le of the needle will be deflected towards his left 
Nort this rule can be recollected with the help of the word 
hani It means, current from South to North, in a wire 
a ae magnetic needle, the North pole of the needle js 
ov 


deflected rowards West. 
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IC FIELD DUE TO 
NENT ELEMENT : 


Biot-Savart’s law is an experimental law predicted by Big 
iot-Sa This law deals with the magnetic field inducti, 
j pear to a small current clement (a part of a 

ata 

Siilicer carrying current). . | 

Let XY be current carrying any ‘ current in th, 
conductor, d! be infinitesimal smal o of th 
conductor, dB be magnetic field at point P at a distance, 


from the element. 


Current 
element 


— 


According to Biot-Savart’s law, the magnitude of magnetic 
field induction (dB) at a point P due to a current element 
depends on the following factors 
(i) dB œI (i.e. magnetic field is directly proportional to 
the current flowing through the conductor). 
(ii) dB œ dl (i.e. magnetic field is directly proportional t0 
the length of the element). 
(iii) dB œ sin @ (i.e. magnetic field is directly proportional to 
the sine of angle between the length of element and 
line joining the element to point (P). 


A Bye 
(iv) dB ee) (i.e. magnetic field is inversely proportion! 
to the square of distance between the element and 
point P). Combining all the above relations, 
Tdl sin ® 
oc — 
. r? 
This relation is called Biot-Savart’s law. 
If conductor is 


dB 


placed in air or vacuum, then magnetic field 


is given by 
dB = Ło Jdlsin®@ 
án p? 
where, Ho is a ionali 
4x  “ Proportionality constant, Ho is the 


Permeability of fre 


(or Wb/A- © space. o= 4n x107 Tm/A 


m), its dimensións are [MLT 2A ~]. 


Moving Charges and Magnetism 


in vector form, Biot-Savart’s law can be wtitten as 
Id\xr ty Idixr | 
dB«—,— =—:—__ we (i) 
r án r? 
from Eq. (i), the direction of dB would be the direction of 
the cross-product vector (d 1 x r), which is represented by 
the right handed screw rule or right hand thumb rule. 
Here, d B is perpendicular to the plane containing d l and r 
is directed inwards (since, point P is to the right of the 
current element). 
Magnetic field induction at point P due to current through 
entire wire is ' 


B= Ho Jdlxr: 
4n r3 

‘tHo Jdlsin® 
or B= 
Án gS 


Biot-Savart’s law in terms of current density. J can be 
written as 
Ho Jxr I Id A 
dB=—. dV. |e J =— = — =— 
4t l J A Ad dv 
where, J = current density at any point on the current 
element and dV = volume of the element. 
Biot-Savart’s law in terms of charge (g) and its velocity (v) 
can be written as 
_Ho gv xr) = r) ae eee ae LL? J 
aBa E i dt NNT 
Biot-Savart’s law in terms of magnetising force or 
magnetising intensity (H) of the magnetic field is 


in SI or MKS system, 


dB 1 Idixr_ 1 IdIxt 
“4m r? 4n r? 
o1 Idlsinð 
4n r? “Pag 
Idl sin 
In CGS units, P L and WE 
r 


Features of Biot-Savart’s Law 
ome important features of Biot-Savart’s law are as follows 
(i) This law is analogous to Coulomb's Jaw in electrostatics. 
(i) The direction of dB is pérpehdiguar to both /dland r. 
It is gi i d thumb rule. , 
(ii) Ifẹ i yiee i P lies on the axis of the aie 
Conductor carrying current (or on the wire Ta 8 
current), then ne 
B= Ho | IdlsinO” =0 


án r? 
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It means that there is no magnetic field induction at 
any point on the thin linear current carrying 
conductor. 

(iv) If 0=90°, i.e. the point P lies at a perpendicular 
position with respect to current element, then 


dB = Ho, it which is maximum. 
r 


ÁT 
If 0 = 180°, then dB =0, which is minimum. 


Similarities and Differences between 
Biot-Savart’s Law and Coulomb’s Law 


The Biot-Savart’s law for the magnetic field has certain 
similarities as well as differences with the Coulomb’s law for 
the electrostatic field. Some of these are as follows 
(i) Both are long range, since both depend inversely on 
the square of distance from the source to the point of 
interest. The principle of superposition applies to both 
fields. (In this connection, note that the magnetic field 
is linear in the source /d | just as the electrostatic field is 
linear in its source, the electric charge.) 


(ii) The electrostatic field is produced by a scalar source, 
namely, the electric charge. The magnetic field is 
produced by a vector source /d I. 


(iii) The electrostatic field is along the displacement vector 
joining the source and the field point. The magnetic 
field is perpendicular to the plane containing the 
displacement. vector r and the current element Jd. 


(iv) There is an angle dependence in the Biot-Savart’s law, 
which is not present in the electrostatic case. The 
magnetic field at any point in the direction of d'1 is 
zero. Along this line, 8 = 0°, sin 0° =0, so|d@B|=0. 


Permittivity and Permeability 

Electric permittivity €o is the physical quantity that 
determines the degree of interaction of electric field with 
medium. However, magnetic permeability Ho is the 
physical quantity that measures the ability of a substance to 
acquire magnetisation in magnetic field, i.e. the degree of 
penetration of matter by B. 


The relation between € 9 and po is always a constant, ice. 


IL 
Uo Eo = (4m y) X ta 


1 
BX ¢? 
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MAGNETIC FIELD DUE TO 

A CURRENT CARRYING 
CONDUCTOR 

Radial magnetic field created by a current element is 


Perpendicular to both current element d/ and position 
vector r. 


eens field B for a straight wire of finite length is given 
y i 

B= Ho? 

ánR 


(sin a+ sin B) 


According to right hand thumb rule, the direction of 
magnetic field in this case is perpendicular to the plane of 
paper and directed inwards. 


. Magnetic field B for infinitely long wire, 


As, a=Bp=n7/2 
I 
then B= Ho I 
2mR 


The direction of the magnetic field associated with a 
current carrying conductor can be determined by right 
hand thumb rule or Maxwell’s cork screw rule. 


Right Hand Thumb Rule 


According to this rule, if we a 
imagine a linear wire conductor to Direction 
be held in the grip of the right of current: 
hand such that the thumb points 3 
in the direction of current, then 

the curvature of the fingers 

around the conductor will give the 

direction of magnetic field lines. 


Maxwell's Cork Screw Rule 


According to this rule, if we 
imagine á right handed cork 
screw placed along the current 
carrying wire conductor, rotated l 
such that the screw moves in the direction of current, then the 


direction of rotation of the screw gives the direction of 
magnetic field lines. 


“)Diréction of 
- magnetic 
field 


~ Direction of 
J} magnetic 
field 


Direction 
of current 
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EXAMPLE |1| A current 10 Ais flowing East to West ina 
long wire kept horizontally in the East-West direction 
Find the magnitude and direction of magnetic field ina 
horizontal plane at a distance of 10 cm North. 


Sol. Given, current, I = 10 A (East to West) 


Distance, r=10 cm=10 X10 °m 


Magnetic field, |B | =? 


10 cm 
— East 
West A 
The magnitude of magnetic field |B| for infinite length of 
wire = Hol 
2nr 
4n x107 x10 


=> |B|= — SA =2x107 "T 
2xnmx10x10 ~ 


The direction of magnetic field is given by right hand 
thumb rule or Maxwell’s cork screw rule. So, the 
direction of magnetic field at point 10 cm North due to 
flowing current is perpendicularly inwards to the plane 
of paper. 


EXAMPLE |2| Find an expression for the magnetic field 
at the centre of a coil bent in the form of square of side 22, 
carrying current J as shown in the figure. 


Sol. Given, 0,= 45°, 0, = 45° 
2a 


ž 


2a 


lg magnetic field due to each side at point O is given 
y 


= Mol ; ` I 
B= 4/—__(sin®, +sin®,) = 470 (sina5*+sin 45°) 


= Hel (J 1 )= eal 


=e. hes Xel 
na \ V2 V2 Tta 


MAGNETIC FIELD ON | 
THE AXIS OF A CIRCULAR | 
CURRENT CARRYING LOOP | 


Let us consider a ci 
ra circular loop of radi i C. Let 
tus a w el. 
the plane of th e 


pe e coil be perpendicular to the plane of ë | 
@ rt . . 
current J be flowing in the direction show™ | 


Suppose P is a oi 
ny point on the axi i ; r | 
s of ce 
from the centr C a coil at a distan 


Moving Charges and Magnetism 


Now, consider a current element Jd! on top (Z), where 
current comes out of paper normally, whereas at bottom 
(M), current enters into the plane paper normally. 


LP 1 dl 
MP 1 dl 


LP = MP =fr? +a? 


The magnetic field at point P due to the current 
element Jd/, according to Biot-Savart’s law is given by 


Ho Jdlsin90° wy  Zdl 
oe AS Sin cto Aah 
4m (r?+a7) 4m (r? 447) 


Also, 


where, a= radius of circular loop 


and r= distance of point P from the centre C 
along the axis. 


According to right hand screw rule, the direction of dB is 
perpendicular to LP and along PQ, where PQA LP. 
Similarly, the same magnitude of magnetic field is obtained 
due to current element /d/ at the bottom and direction is 


along PQ’, where PQ’ 1 MP. 


Now, resolving dB due to current element at L and 


M.So, dB cos components balance each other and net ` 


magnetic field is given by 


B= qaBsin = 


Ho Tdl a 
ÁT 724 a? fr? +a? 


, a 
"In APCL,sin > = m= 


ro tiat 


Ta 
_Ho Ia E E 7) 
in (+a? b= in Tra” 
or sen (ii) 


For N turns, the ner magnetic field is given by 


g- _HoNIa? 


2(r?+ gt 
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The direction of B is along the axis and away from the 
loop, when current in the coil is in anti-clockwise direction: 


P uomi 


Variation of magnetic field induction 
(B) with distance r 


EXAMPLE |3| A circular coil of 120 turns has a radius of 
18 cm and carries a current of 3 A. What is the magnitude 
of the magnetic field at a point on the axis of the coil at a 
distance from the centre equal to the radius of the circular 
coil? 

Sol. Given, number of turns N = 120, current J = 3A, radius of 
coil,r = 18 cm= 0.18m and distance from the centre to a 
point on axis,a@=r=0.18m 

HoNīa? 4m X10" x 120x 3x (0.18)" 
(a? +r?) 200.18} + (0.18)* P” 
=> B=44x10Ħ T 


As, B= 


MAGNETIC FIELD AT THE 
CENTRE OF A CURRENT 
CARRYING CIRCULAR LOOP 


Consider a circular loop of radius R carrying current Z. 
Magnetic field at its centre C is given by 


Ho 
2R 
is obtained by setting r = 0 in previous relation (ii). 


If we take a coil having N number of turns, then magnetic 
field at its centre is . 


[nated 
2R 


B 


The direction of magnetic field at the centre of circular loop 
is given by right hand rule. 

Similarly, magnetic field at the centre of a semi-circular 
Hof 


wire of radius R, carrying current / is given by , B= Ep 
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SZ Right Hand Rule 


According to this rule, if we hold the thumb of right hand 
mutually perpendicular to the grip of fingers such that the 
Curvature of fingers depicts the direction of current in circular 
wire loop, then the thumb will point in the direction of 
magnetic field near the centre of loop. 


Note As current carrying loop has the magnetic field lines around 
it thus, it behaves as a magnet with two mutually opposite poles. 


VO 


The anti-clockwise flow of current behaves like a North pole, whereas 
clockwise flow as South pole. 


EXAMPLE |4| 4 circular coil of wire consisting of 
100 turns, each of radius 8.0 cm carries a current of 0.40 A. 

What is the magnitude of the magnetic field B at the 

centre of the coil? NCERT 
Sol. Here,n=100, r=8cm =8x10°mand I =040A 


~- Magnetic field B at the centre, 


-7 
x 2x 3.14x 0.40x 100 
puto. 2Min Keke aixi 
4n r 8x10 


EXAMPLE |5| The magnetic field B due to a current 
carrying circular loop of radius 12cm at its centre is 
0.5x 10°~*T. Find the magnetic field due to this loop at a 
point on the axis at a distance of 5.0 cm from the centre. 


Sol. Magnetic field at the centre of a circular loop, 
Hol 
B, = = 
' 2R 
sain Seite p lR 
and that at an axial point, B, = 2(R? + x? )? 


B R _ R? 
ats an or anA | aan 
Substituting the values, we have 
(12)’ 
(144+ 25)” 


Thus, 


B, =(0.5x wo] |- 3.9x 10° T 


| Allzwone | PHYSICS Cae 124, 


Q 
EXAMPLE |[6| An electric current is flowing in. | 
circular coil of radius a. At what distance from the centre f 


on the axis of the coil will the magnetic field be : th Of it 


value at the centre? 
Sol. Magnetic field induction at a point on the axis at 
distance x from the centre of the circular coil carrying 


current is 
2nnla® 


B, = Hor E ie ee 
án (a +x)” 
Magnetic field induction at the centre of the circular coil 


carrying current is 


_ Ho , 2nnl 
; 4m a 


B 
But as per question, B, = = 


ty _2mnla’ 


a 1 P 
—_*__=— = 8a H Ha) 
(aè + xt)” 8a 
2 2\1/2 
= 2a =(a° +x") 


2 2 2 
=> 4a“ =a +x 
=> x = V3a 


EXAMPLE |7| A long insulated copper wire is closely 
wound as a spiral of N turns. The spiral has inner radiusa 
and outer radius b. The spiral lies in the XY-plane anda 
steady current 7 flows through the wire. Find the . 
eet of the magnetic field at the centre of the 
spiral. 


Sol.: If we take a small strip of dr at distance r from centre, 
then number of turns in this strip would be 


dN = G=) dr 


Magnetic field due to this element at the centre of the 
coil will be 


dB = Ho (ANMI _ HoNI dr 
2r 2b-a) r 
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: | TOPIC PRACTICE 1 | 8. Give the dependence of magnetic field 


produced by a current conductor. 


9. State Biot-Savart’s law and express this law in 
OBJECTIVE Type Questions the vector form. All India 2017 
{, A magnetic field can be produced 10. Among Biot-Savart’s law and Coulomb’s law, 


(a) only by moving charge 


which one is angle dependent? 
(b) only by changing electric field 


11. Name the kind of magnetic field produced by 
(c) Both (a) and (hi) an infinitely long current carrying conductor. 
f the ab 
ial 12. Draw the magnetic field lines due to a current 
2. Biot-Savart law indicates that the moving carrying loop. Delhi 2013 
electrons (velocity v) produce a magnetic field 13. An electron is revolving around a circular loop 
oT aii NCERT Exemplar -as shown in the figure. What will be the 
ey direction of magnetic field at the point A? 
(b) B is parallel to v pea 
(c) it obeys inverse cube law PA * 
(d) it is along to the line joining the electron and point j A 
of observation A if 
3. An element AI = Ax Î is placed at the origin and s 
carries a current J =10 A. 14 


- Thereisacircuit given below, where APB and 
AQB are semi-circles. What will be the magnetic 
field at the centre C of the circular loop? 


P 
A 
I 8 
— Ax j Q 
; a pecubypapnietic ee arpo rie y SHORT ANSWER Type Questions 
a) 4X10 ° kT 4x10 i 
Orti : 4xior® iT 1S. State Biot-Savart’s law. A current z 
J I flows in a conductor placed z 
4. There isa thin conducting wire carrying perpendicular to the plane of äi 
current t is the value of magnetic field the paper. Indicate the direction fe) Y 
nt. What is 8 À a7 
induction at any point on the conductor itself? of the magnetic field due to a 7 
(a) 1 (b) Zero small element dl at a point P ‘x 
(c) -1 (d) Either (a) or (b) es ata soe dafa the 
element as shown in the figure. 
5. A helium nucleus moves in a circle of 0.8 m s . su epizod 
nuc 16. An element A/= Aviis placed Y 
radius in one second. The magnetic field ype os i 
produced at the centre of circle will be at the origin (as s own in P 
i “10° figure) and carries a current 
(a), x10 (b) Ho a l =2A. Find out the magnetic 
he 4) 2X10 field at a point P on the i228 toy 
(c) 25 x10 (d) Ho Y-axis at a distance of 1.0 m Sa l 
y , ee due to the element Ax=wem. —/ 
ERY SHORT ANSWER Type Questions Also, give the direction of z 
6. in what respect does a wire carrying a current the field produced. Delhi 2009 
differ from a wire, which carries no current? 17. 


Find the magnetic field at point P due to the 
7, How can you justify that a current carrying wire current carrying conductor of current J as 


Produces magnetic field? shown in the figure. 
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18. 


eet eens loop of radius R carrying an 
cane Sees current J is placed in a plane 

e to YZ-plane.Then, what will be the 
magnetic field at a point on the:axis of the 
loop? 


radius r carries a current J in the clockwise 
direction. Find 


(i) the direction of magnetic field at its centre. 


(ii) the magnitude of magnetic field at the 
All India 2012 


centre. 


20. Astraight wire of length L is bent into a 


semi-circular loop. Use Biot-Savart’s law to 
deduce an expression for the magnetic field at 


its centre due to the current I passing 
through it. 


21. 


current J flows through it in clockwise 


direction, then find the magnitude and direction 


of the magnetic field produced at its centre. 


Foreign 2009 


Two identical circular loops P 
and Q, each of radius r and 

carrying equal currents are I 
kept in the parallel planes ` O 
having a common axis passing P 
through O. The direction of 

current in P is clo 


as seen from O, W 
loops P and Q. Find the magnitude of the net 


magnetic field at O. 
LONG ANSWER Type! Questions 
23. 


22. 


Q 


Use Bi 
for the magnetic 
carrying circular } 
Draw the magnetic 
wire carrying current (J). 


oop of radius R. 


Using Biot-s 
the magnetic 
carrying current 
vector form. 


24. 


field B due to an element dl 


A circular coil of closely wound N turns and 


Delhi 2011C 


A wire of length L is bent round in the form of a 
coil having N turns of same radius. If a steady 


—?2 -— 


ckwise and in Q is anti-clockwise 
hich is equidistant from the 


Delhi 2012 


ot-Savart’s law to derive the expression 
field on the axis of a current 


field lines due to a circular 
Delhi 2016 


-Savart's law, write the ‘expression for 


J at a distance r from it in a 


! 
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Hence, derive the expression for the magneti 
field due toa current carrying loop of radius p 
d distance x from its centre aj, 

n 


at a point P an 
the axis of the loop. Delhi 29 


LONG ANSWER Type II Questions 


25. 


26. 


Savart’s law expressing it in the 

e it to obtain the expression fo, 
the magnetic field at an axial point distance q 
from the centre of a circular coil of radius q 
carrying current I. Also, find the ratio of the 
magnitudes of the magnetic field of this coil at 
the centre and at an axial point for which 


d=aV3. 


State Biot- 
vector form. Us 


mall identical circular loops (1) and 
qual current I are placed vertically 
(with respect to the plane of the paper) with 
their geometrical axes perpendicular to each 
other as shown in the figure. Find the 
magnitude and direction of the net magnetic 
field produced at the point O. Delhi 2014 


Two very S 
(2) carrying e 


NUMERICAL PROBLEMS 


27. 


28. 


29. 


30. 


A current of 5A is flowing from South to North 
in a straight wire. Find the magnetic field due 

to a lcm piece of wire at a point 1m North-East 
from the piece of wire. All India 201! 


An element dl = dx i (where, dx = 1cm) is placed 
at the origin and carries a large current I = 10 A. 


What is the magnetic fi . 
i netic fi D ata 
distance of 0.51? eld on the Y-axis cel 


ed Ap wire in the horizontal plane 
directio eA of 50 A in North to South 
at on.Give the magnitude and direction o 

a point 2.5 m East of the wire. ncen 


Tw > 
to re iain A and B have the same length equal 
and carry a current of 10 A each. wire 


Ais benti 
into i , 7 z 
square. a circle and wire B is bent int? 


Delhi 2013c 
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32. 


33. 


34. 


35. 


36. 


. Atightly wound 100 turns coil of r 


(i) Obtain the magnitudes o 
centres of the two wires. 

(ii) Which wire produces 
field at its centre? 


f the fields at the 


a greater magnetic 


adius 10 cm is 
carrying a current of 1 A. What is the 


magnitude of the magnetic field 


: at the centre of 
the coil? 


NCERT 


The wire shown in the figure carries a current 
of 10 A. Determine the magnitude of magnetic 


field induction at the centre O. Given the radius 
of bent coil is 3 cm. 


Two identical circular coils, Pand Q each of 
radius R, carrying currents 1 A and /3 A 
respectively, are placed concentrically and 
perpendicular to each other lying in the XY and 
YZ-planes. Find the magnitude and direction of 
the net magnetic field at the centre of the coils. 
All India 2017 


A straight wire carrying a current of 10 Ais bent 
into a semi-circular arc of radius 2.0 cm as 
shown in the figure. What is the magnetic field 
at O due to 

(i) straight segments 

(ii) the semi-circular arc? 


{u 


(0) 


Two concentric circular coils x and y of 

radii 16 cm and 10 cm respectively lie in the 
same vertical plane containing the North to 
South direction. Coil x has 20 turns and carries 
a current of 16 A, coil y has 25 turns and carries 
a current of 18 A . The sense of the current in xis 
anti-clockwise and clockwise in y, for an l 
observer looking at the coils facing West, Find 
the magnitude and direction of the net 
Magnetic field due to the coils at their centre. 


NCERT 


Two identical loops P and Q each of radius 5 la 
are lying in perpendicular planes such that they 


1. (a) Electric currentor movin 


. (b)| dB | = He 
An 
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have a common centre as shown in the figure. 

Find the magnitude and direction of the net 

magnetic field at the common centre of the two: 

coils, if they carry currents equal to 3 A and 4 A, 

respectively. Delhi 20417 
Q 


| HINTS AND SOLUTIONS | 


g charges produce magnetic 
field around them. 


2. (a) In Biot-Savart’s law, magnetic field B|| idl x r and id} 


due to flow of electron is in opposite direction of v and 
by direction of cross product of two vectors, i.e. 


Biv 


3. (a) The magnitude of magnetic field, 


| dB| = Ho J dlsing 
4n . 


—| Axk— 


107 X10 x 1077 

\@B| = ———__— 
25X10 
As, Ix r = Axi x y= y Ax(ix = y ark 
So, the direction of the field is in the + Z -direction 
Idixr|_ u, — Idlsin6 
—— |=-2x 
A an r 

If point lies on the conductor, then 8 = 0° or 180°. 


So, sin © = 0, thus dB = 0. Hence, the magnetic field 
induction at any point on the conductor itself is zero. 


i.e., =4x10°T 


r 


. (c) The magnetic field at the centre of circle, B = Hoi 


2r 
The charge on helium nucleus is 2e, so 
Current, iste = 
i t t 
= puto Xlexi0 x2 
2x08 


= 21, X107" N/A-m 
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6. e . A 
EO carrying wire produces magnetic field but 
5 rire which does not carry current has no magnetic field. 
. It can be justified by placing a magnetic needle around 
current carrying wire, which shows deflection of needle. 
S. Magnetic field produced by a current conductor is 


(i) Directly proportional to the current flowing through 
the conductor, length of the element and sine of the 
angle between the length of the element and line 
joining the element to the point 

(ii) Inversely proportional to the square of the distance 
between the element and the point. 

9. Biot-Savart’s law states that, the magnitude of magnetic 
field intensity (dB) at a point P due to current element is 
given by 

a Idl = 
r 


or Gare 


Thus, in vector notation, 
_ Wo Idlxr 


i 4n r 


10. Biot-Savart’s law is an angle dependent law. 
IL An infinitely long current carrying conductor produces 
magnetic field in the form of concentric circular loops in 
a plane of straight conductor. 
12. Magnetic field lines due to a current carrying loop is 
given by ` 


N 


S 


13. As, electron is revolving clockwise, therefore 
conventional current due to the motion of electron will 
be in anti-clockwise direction. i 
So, according to right hand rule, magnetic field at point 
A will be in outward direction. 


14. Magnetic field due to loop APB at the centre is given by 


B, = Holo 
4a 
Magnetic field due to loop AQB at the centre is given by 
B = Hol , 
4a 


So, net magnetic field at centre = B, + B, = 0 (zero) 
15. Refer to text on pages 168 and 169. 
16. Biot-Savart's law states that 


ee Ho Id x F 
sn rf? 


| All;wone | PHYSICS Class 12th 


Here Ax =wem 


s Al = Axi 
=> [=2A,r=I1m_ 
qabo eM, 
an (i)? 


Idi = 2x wi 
f=) = |r|=1m 


ai=” k 
an | 
= jap| = bo 
2n 


and direction along + Z-axis. 


17. Refer to text on page 170. 


Bp = Eol (sin 45° + sin 45°) = Bal x Ja = i 
18. Refer to text on pages 170 and 171. 
19. (i) Inward 
(ii) Refer to text on page 171. 
20. According to the questions the wire will now look like. 


- Length L is bent into semi-circular loop. 
<. Length of wire = Circumference of semi- equal circular 


wire 
=> L=tr | 
=> r= 2 Ati) 


T 


Considering a small element d! on current loop. The 
magnetic field dB due to small current element Id! at 
' centre C. Using Biot-Savart’s law, we have 


— ae _—— 


I sin 90° | 
ap = Ho, tdlsin 90° bes dt Lr, 2.0 =90°] 
4n r 
dp = te. w 
dn r“ 
s. Net magnetic field at C due to semi-circular loop, 
B = Ho Idt — Ho ES : 
, lca An r° An r? =e dl | 
Ho I | 
=—-—[ se 
41 rf bu ' t j 


| 

ali E _ Wo, IL. aaan | 

An (Lin) an I? 4L 

which is the required expression. | 
culat 


21. When a straight wire is bent into the form of a cit 
coil of N turns, then the length of the wire is equ | 
circumference of the coil multiplied by the number of 
turns. Let the radius of coil be r. 
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As, the wire is bent round in the form of a coil having N 


turns. 
xz. N x circumference of the coil = Length of the wire 
D (2nr)x N=L 

L 
= r= RN (i) 
Magnetic field at the centre due to N turns of a coil is 
given by 


2r 2 L ) 
2nN 
_HoTtN*I 
L 


[from Eq. (i)] 


The direction of magnetic field is perpendicular to the 
plane of loop and entering into it. 


Magnetic field at O due to two loops will be in same 


direction (Q — P, along the axis) and of equal 
magnitude. l 


B= B, + B, but B, = B, 


[olr® 

2 (r? fa r? pya 

_ B _ pir 

a (2r? y” ~ 93/23 

_ Ul 

E 93/2, 
- Refer to text on pages 170 and 171. 
For magnetic field lines Refer to Sol. 12. 
Refer to text on pages 168, 169, 170 and 171. 
Refer to text on pages 168, 169, 170 and 171. 
In this answer, put r =d. 


Magnetic field induction at the centre of the circular coil . 
Carrying current is 


=? B=2B =2 


24. 
25. 


p=Bo 2 p Bo, 2na'l _ 
an a)! 4n (a +d?) 
5 B _ a xa _ oo 
B, ~ (aq? +d?) (a? +d?” 
i ie [d = ay3] 
(a® +38 Y” 
E E 
4Y” Ba 
= 8.1 
B, 8 


27. 
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26. The magnetic field at a point due to a circular loop is 
given by 
Ho 2nla? 
E ET 
4m (a°+r°) 
where, I = current through the loop, 
a = radius of the loop 
and r = distance of O from the centre of the loop. 
Since I, a and r = x are the same for both the loops, the 
magnitude of B will be the same and is given by 
_ a _ bh 2nla’ 
Meis ae eye 
The direction of magnetic field due to loop (1) will be 
away from O and that of the magnetic field due to loop 


(2) will be towards O as shown. The direction of the net 
magnetic field will be as shown below 


j 


The magnitude of the net magnetic field is given by 
Bu = JB? +B} 
= Ho 2m Vela? 
4n (a? +x?) 
Here, I =5 A ,dl=1cm=001 m,r =1m, 0 =45° 


[~ direction'is North-East] 
ap atte. Idl sin 8 


4n r 
H o 
= 107? x 3X 001 X sin 45 


Gy = 3.54x10° T 


Its direction is vertically downwards. 
28. Here, dl = dx =1 cm=10 °m 
T=10A,r=05m 
Using Biot-Savart’s law, 
dp = Ho, Ml xe _ py tae 


ixj 
4n r° 4r a d 
abe, te teixj=Q 
= 107 x 10x 107 G 
(0.5)? 


=4x10°RT 


178 


29. Refer to Example 1 on page 179. [Ans. 4 X10 T] 
30. Given, J = 10 A, length of each wire = 44 em 
{i) Let r be the radius of wire A when it is bent into a 
circle. 


=> 2mr=44 >r= asi 

100 à 
Magnetic field at the centre of the circular coil 
carrying current is given by 


2nI 7 

pate .£™ ~19 7 x2x 28 10% 10 = 9 x107 T 
4x 7. 7 

When another wire is bent into a square of each 

side L, then 


4L=44 => L=l1lem=0.11m , 
Since, magnetic field induction ata point, at 
perpendicular distance a from the linear conductor 
carrying current is given by 


TO aoe A 
B= sin 8, + sin8,). 
me i 2) 


B=4x Hol (sin 45° + sin4s°) 


4na 
10 1 1 
=4x107x (+ 45} 
(11/100)\./2 V2 
=103 X10°T 


(ii) The magnetic field due to a square will be more than 
that due to a circle of same perimeter. 


3L Refer to Example 4 on page 172. [Ans. 6.2810 *T] 
32. Here, I =10 A,r=3cm, r=3x10° m 
Angle subtended by coil at the centre, ; 
8 = 360° — 90°. = 270° == rad 
Magnetic field induction at O due to current through 
circular path ACB is 


pate. 9-107 x 
4m r 


= 1.57 x10 T 


10 3K 
x— 


(3x10) 2 


33. Magnetic field due to circular wire P,” 
4n R 
{along vertically upwards] 
Hod, 
2R 
Magnetic field due to circular wire Q, 


aHoy ie {along horizontal towards left] 
4m 


Bp 


Bo 


Net magnetic field at the common centre of the two coils, 


B= Be + BS 


| 
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2 
eT 
2R 2R | 
zk (ia) uf ei 
= (Eg) i +2 
L 
=Po JR +3 | 
-7 
= a +BY | 
. J | 
ELELU | 


R 
Resultant magnetic field makes an angle O with direction | 


of Bọ, which is given by 


B 1 
tan@=—->=— 
Bo 3 
8 = 30° | 


34. (i) Magnetic field due to 
straight segment is 


_ flo Idlxr 
“Jan r 
For point O, dl and r for each element of straight 
segments PQ and RS are parallel. 
Therefore, dl x r=0. 
Thus, magnetic field due to straight segment is zero 
(ii) Magnetic field at centre O due to semi-circular arc 
_ Magnetic field at centre of circular coil 


B 


f 
|i 


2 
=1 (tel) Hal „EPA 
2\ 2r 4r 4x2x10° 


=5nx10°°T 


35. For coil x 
Radius of coil, r, = 16 cm = 0.16m 
Number of turns, n, = 20 
Current in the coil, /,=16A 
(anti-clockwise) 
For coil y 


(given, /=10A andr = 20cm= 2X 10° m] | 
| 


North 


West NA 


Radius of coil, r, =10 cm = 0.1m South 


Number of turns, ny = 25 
Current in the coil, 1, = 18 A (clockwis? 
The magnitude of the magnetic field at the centre of coil * 
i Mo 21, Tn, 
An r 
_10°' x 2x16x mx 20 


a -4 
0.16 án x10 T 
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The direction of magnetic field due to the coil x at centre 


ot ma : = 5% X10"T 
Ois towards right, i.e. East, according to right hand ; i h other] 
thumb rule. The magnitude of the magnetic field at the Ee ee 
centre of coil y, = 16x 10° T [towards West] 
Ho 2RIyny 107 x 2x nx 18% 95 : j 
B, =. Y= ACK EX 18 X 25 2 Hol Holo 
am on 0.1 36. Bay = Bp + By = (i * ga 
=9n X10 "T u 4nx107 
a nx 
The direction of magnetic field due to coil y at centre O j ai Ip i s 2x5x107 
is towards left, ie. West, according to right hand thumb 
rule. Here, the magnitude of By is greater than B., so the = 2nx10° T 
resultant magnetic field will be in the direction of B, ie. Resultant magnetic field makes an angle @ with By which 
left (West). ; , is given by, 
Net magnetic field at the centre, B = B,- B, Bp _ip _3 
= (9x —4n)104T a a T 


|TOPIC 2| 
Ampere's Circuital Law and Moving Charges 


AMPERE’S CIRCUITAL LAW 


According to this law, the line integral of a magnetic field B 
around any closed path in vacuum is [ly times the net 
current Z ae enclosed by the curve. 


cutrent. Ampere’s circuital law holds for any loop bur does 
not always facilitate. Amperes circuital law an be 
conveniently applied in situations of high symmetry. eg. To 

nd magnetic field of a straight wire, magnetic field of 
solenoid and toroid as discussed in coming sections. 


Magnitude of Magnetic Field of a 
j 1 Straight Wire using Ampere’s Law 


Magnetic field due to a straight conductor at a point P ata 
distance (r) is in the form of a circle of radius (r) which is 
Surface taken as closed path for Amperian loop. 
Boundary 


Mathematically, 
GB -dl=pol pe 


Ampere’s law is applicable only for an Amperian loop as the ü b 
uss’s law is used for Gaussian surface in electrostatics. 


The choice of an Amperian loop has to be such thar, at each 
Point of the loop either 


Ampenan 
(i) B is tangential to the loop and is a non-zero constant I loop 
(ii) Bi E 
(iii) B i E reine gop Angle beween B and dl is zero, everywhere in this path, 
pere’ 5 a law h e content as the Biot-Savart’s Hence, on applying Ampere’s law to this closed path, we get 
es eee field and current and Bed =pl} or $ Bdl cos0° = ft y/ 
W. Both of these relate magnetic field a i 


“XPress the same physical consequences of a steady electrical 
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oa BG dl =l191 


=> BX2nr=uo/ or pan 
2 


tr 
From the result, some important points can be derived. 
(i) The magnetic field at every point on a circle of radius 
ris same in magnitude. The magnetic field around a 
wire possesses cylindrical symmetry. 
I 


Magnetic field 
around the wire 


(ii) The field direction at any point on this circle is 
tangential to it. The lines of constant magnitude of 
magnetic field forms concentric circles. The circular 
lines are called magnetic field lines. | 

(iii) Even though the wire is of infinite length, the field 


due to it at a non-zero distance is not infinite. 


EXAMPLE |1| A straight wire carries a current of 3 A. 
Calculate the magnitude of the magnetic field at a.point 
15 cm away from the wire. 
Sol. Here, current, J =3A, point where magnetic field is to 
be determined, a =15 cm =0.15m 
| Magnitude of magnetic field, B = bom 
_ 107’ x2x3 
0.15 
=4x10°°T 


THE SOLENOID AND 
THE TOROID 


A solenoid is an insulated long wire closely wound in the 
form of a helix. Its length is very long as compared to its 
diameter. The toroid is a hollow circular ring on which a 
large number of insulated turns of a metallic wire are closely 
wound. The solenoid and the toroid are two equipments 
which are used to produce magnetic fields, i 
In television, we make use of solenoid to generate magnetic 
field needed for the deflection of electrons in picture tube. 
Toroid is used in devices such as synchroton in which high 
magnetic field is required, which is generated by cither a 
toroid or combination of both solenoid and toroid. 


l 
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Both solenoid and toroid have symmetrically geome; 
shapes, therefore we can apply Ampere’s law convenieny, | 
to find the magnetic field. yil 


Magnetic Field of a Solenoid | 
A long coil of wire consisting of closely packed loops ;, 
called solenoid, whose magnetic field resembles that ofa pa, 
magnet of south(S) and north(N) poles as shown in the | 


figure given below. 


T Solenoid I 
Magnetic field of a solenoid 


Inside the solenoid, magnetic field is uniform and parallel t 


the solenoid axis. Outside the solenoid, magnetic field is. 


assumed to be zero. 


Consider an air cored solenoid having closely packed coils 


in which J is current, 7 is number of turns per unit length 
and B is magnetic field inside the solenoid. 


Applying Ampere’s circuital law to determine magnetic 
field (B) inside the solenoid, we choose rectangular closed 
path PQRS, where PQ=L and the line integral of B over 


closed path PQRS is 
R 
fras Bedl= fS B-dl+ fo B-d1 
+ [Bd 1+ f Bal 


Now, f B-d1= f‘ B-d1=0 


[because along QR and PS, the field B is at right angles © 
dl, so that B-d1 = Bal cos 90°=0) 


s 
f 5 B-d1=0 [*: B is zero at points outside the solenoid] 


ss Irons 2! = [oB-di= JÊ B dl coso° 


= f° Bdi= BL 


Hence, from Ampere’s law, 


$ onsB ‘d |= po X (current enclosed by P QRS) 
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Here, number of turns per unit length is n, the number of 
warns i length Z is nL. The current in each turn is J, so net 
current enclosed by the loop is nZ/. 


Total current, Iaa = LI 
oes d l= X nl 


2 BL=\qnlL 


From the expression, it is clear that B is independent of the 
length and diameter of the solenoid and is uniform over the 
cross-section of the solenoid. 


Ifa material of permeability 1, is used as a core, then B 
inside the solenoid is [1 oft, 7 J. 


At points near the end of air closed solenoid, 


l 
B=- I 
z Hon 


Note The formula for magnetic field B = Honi is only valid when 


length of the solenoid (/) is much larger than its radius(), i.e. 
I>>T. 


EXAMPLE [2| The length of a solenoid is 0.2 m and it 
has 120 turns. Find the magnetic field in its interior, if a 
current of 2.5 A is flowing through it. i 


Sol Here, l =0.2 m, N =120, I = 25A 
Magnetic field in the interior of the solenoid, 
N 
B=ponl = BoTT 


=4nx10” x 1200 2.5 
0.2 


=1.85x10°T 


EXAMPLE |3 | A solenoid of length 0.5 m has a radius of 


1 cm and is made up of 500 turns. It carries a current of 
A. What is the magnitude of magnetic field inside the 
solenoid? NCERT 


Sol Given, total number of turns, N = 500 
Length of solenoid, | = 0.5 m 


Current, J=5A f 
and radius r=1cm=10°m 
Here, l- da =50 
r 10 
> l>>r yf 
B= ponl= Pr 


500 
= oh een S 
=47 X10 05 


= 6.28 x107 °T 


18! 


Magnetic Field of a Toroid 


An endless solenoid in the form of a ring is called a toroid. 
Magnetic field lines inside the toroid are circular, 
concentric with the centre of toroid. 


Let J be the current, r be the mean radius, 2 be the number of 


turns per unit length and B be the magnetic field inside the 
toroid, 


(b) 


(a) A toroid carrying a current 7 (b) A sectional view of the toroid. 
The magnetic field can be obtained at an arbitrary distance r from 
the centre O of the toroid by Ampere's circuital law. The dashed 
lines labelled 1, 2 and 3 are three circular Amperian loops 


The line integral of magnetic field around closed path of 
circle of radius r is 


$B-dl=$ Bdlcos0°= Bx 2nr 
Now, from Ampere’s law, 


$B ‘dl =\1y X current enclosed by closed path 


=> BxX2tr=)n(2nr)/ or 


If the toroid is a material cored of relative permeability 1, 
then magnetic field inside the toroid, 


FORCE ON A MOVING CHARGE 
IN A UNIFORM MAGNETIC FIELD 


When a charged particle (g) moves with velocity (v) inside a 
uniform magnetic field B, then force acting on it is 
F=q(v xB) 

Force due to magnetic field depends on g,v,B. The 
magnetic force will be zero, if the particle is at rest. The 
reason is that for the charged particle at rest | v |=0, which 
will turn the expression for magnetic force, q (v x B), into 
zero. Only moving charges feel the magnetic force. The 
magnetic force is at its maximum value, when v and B are 
perpendicular to each other because in this case the angle 
0 =90°, in the expression F = qvB sin 8 and the maximum 
force will be 


Fix =q vB sin 90°=qvB [+ sin90° =1] 
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The magnetic force includes the cross product of velocity 
(v) of the particle and magnetic field (B). Thus, the 
magnetic force will be zero, if the velocity vector and 


magnetic field vector are either parallel or anti-parallel to 
each other. 


The force (F magnetic) acting on a charged particle moving 
with velocity (v) through a magnetic field (B) is always 
perpendicular to v and B. 

From right hand thumb rule, the force F is perpendicular 
to velocity (v) and magnetic field (B). Hence, it changes its 
path continuously. 

In case of motion of a charge in a magnetic field, the 
magnetic force is perpendicular to! the velocity of the 
particle. So, no work is done and no change in the 
magnitude of the velocity is produced. 


H. Ko N qy a i 
Circular motion 


= 


Magnetic force acts as a centripetal force and produces a 
circular motion perpendicular to the magnetic field. If v 
and B are perpendicular to each other, then particle will 


describe a circle. 

If a charged particle has a velocity not perpendicular to B, 
then component of velocity along B remains unchanged as 
the motion along the magnetic field will not be affected by the 
magnetic field. Then, the motion of the particle in a plane 
perpendicular to B is as before a circular one, thereby 


producing a helical motion. 
Y 


Helical motion 


petal force required for circular motion js 


As, centri 
force, so 


provided by magnetic 


2 
mvi mY y — 


FS = qBv, or r= qB qB (i) 
where, m = mass of charged particle 
and =r = radius of circular path. 
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where, vj and vy are perpendicular and parallel 
components of the velocity v. = 

Radius of the path of the charged particle is proportionalt 
the momentum (p = mv) of the particle and inversely 
proportional to the magnitude of charge (q) and magnejj. 
field (B). 


In terms of kinetic_energy (K), the equation may h 


2mK e a 

expressed as, ” = [inps V2mK | 

to qB 
Time period (7) of the motion is given by | 
2nr 2h _ mv 
= = —— XL 
v v qB 
27m 
oe wali 

lar fi PALA | 
Angular frequency, = T A | 
B $ 
Frequency, > V = 1 [-: © = 2m) | 


2mm 

The angular speed © of the particle is given by 
S w=v/r or © = (qgB)/m 

For helical path, the distance moved along the magnetic 
field in one rotation is called pitch (P). 


2Tmv 


P=y Da 


qB 


Note One tesla (1 T) is defined as the field which produces a force 
of one newton (1 N} when a charge of one coulomb (1 C) moves 


el ama in the region of the magnetic field at a velocity of 
ms”. 


UY Aurora Borealis 


During a solar flare, a large number of electrons and protons 
are elected from the sun. Some of them get trapped in the 
ee rela field and move in helical paths along the field 
atoms cn come closer near magnetic poles and collide with 
and molecules of the atmosphere. Excited oxygen atoms 


emit green |i 
this i light and excited nitrogen atoms emit pink light an 


h 
€nomenon is called Aurora Borealis in Physics. 


Note i ; 
the eee is very important as it has been asked frequent 
years 2017, 2016, 2015, 2014, 2012. 2011, 2010. 


uniform Magne 
to the field, ¢ 
them. 


Sol L 
et mass of proton = m, charge of proton = e 
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Now, mass of &-particle = 4 m, charge of G-particle = 2e 
When a charge q is accelerated by V volts, it acquires a 
kinetic energy Eg = qV 


= Momentum is given by mv = JE = an7 
, i > 
Radius, r = T err amv _ j2mVv 


q 
Tp 2mV 
Thus, — = 7 X 
hi eB 


EXAMPLE |5| A beam of protons with a velocity of 
4x10% ms~ enters in a region of uniform magnetic field 
of 0.3 T. The velocity makes an angle of 60° with the 
magnetic field. Find the radius of the helical path taken by 
the proton beam and the pitch of the helix. 
Sol Velocity component along the field 

vı =4 X10 x cos 60° = 2x 10° ms” 


2eB? i! 
2(4m) V = J2 


and velocity component perpendicular to the field. 
v, =(4 x10) sin 60° = 24/3 x 10° ms 


Proton will describe a circle in plane perpendicular to 
magnetic field with radius, 


„a myi _ (1.67 x10” kg) x (2V3°x 105 ms“!) 
qB (16 10°C) x (0.3 T) 
Time taken to complete one revolution is 
2mr _ 2X314 x 0012 
T = —— = ee Er $ 
Vy -243 x10 
Because of v) protons will also move in the direction of 
magnetic field. 
<- Pitch of helix = v x T 
_ 2X10 x 2x 314 x 0.012 
2V3 x 10° 


FORCE ON A MOVING CHARGE 
IN A UNIFORM MAGNETIC AND 
ELECTRIC FIELD (LORENTZ FORCE) 


Suppose a point charge (q) is moving in the presence of both 
tlectric and magnetic fields, Let g be the magnitude of the 
charge, v be velocity of the point charge, B be the magnetic 
field and E be the electric field. We have studied two kinds 
Of forces that can be exerted on an electrically charged 
Particle. The electric force is given by F=gE and the 
Magnetic force is F = g (v X B). 

The sum of these forces represents the net force that can be 
exerted on a particle due to its electric charge (g), this sum is 

ed the Lorentz force and is given by 


=1.2 cm 


m = 0.044 m = 4.4 cm 


Piren = F stecrtic + F magnetic 
=qE+q(v xB) 
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=q [E+ (v x B)) 


Force on negative charge is opposite to that of positive 
charge. 


MOTION OF CHARGED PARTICLE 
IN COMBINED ELECTRIC AND 
MAGNETIC FIELD 


Velocity Selector 


Net force in presence of magnetic and electric field is 
F =q[E + (v xB)] 


Consider that electric and magnetic fields are perpendicular 
to each other and also perpendicular to the velocity of 
particle. Suppose we have 

E=£), B=Bkandv=rvi 
Then, F; =qE=gF j 


and F; = q(v xB) =q (vi x Bk) =—qvB j 
FEF, +F, =qE j+(-qvBj) 
=q(E-vB)j 


Thus, electric and magnetic forces are in opposite directions 
as shown in the figure given below. 


Point charge q is moving in the presence of 
perpendicular electric and magnetic fields 


If we adjust the value of E and B such that magnitude of the 
two forces are equal, then total force on the charge is zero and 
the charge will move in the fields undeflected. This happens, 
when 


gE =qvB 
of 
ke B 


The above condition can be used to select a charged particle 
of a particular velocity from charges moving with different 
speeds. Therefore, it is called velocity selector, 


EXAMPLE |6| A proton beam passes without deviation 
through a region of space, where there are. uniform 
transverse mutually perpendicular electric and magnetic 
fields with E = 220 kV/m and B = 50 mT. Then, the beam 
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Strikes a grounded target. Find the force imparted by the 


beam 


on the target, if the beam current is equal to 


= 0.80 mA. 


SoL 


Since, proton is moving in a straight line, hence net 
force is zero. 


qE = Bqv = en 
B 


.. 


Also, current associated with the beam, 
=ne 

> n=TI/e 

where, nis number of protons/time. 

Momentum of a proton = mv 


<- Force, F =nmv 
_ImE __0.80x 10™ x 1.67x 107 x 220x 10° 


eB 1.6x 107’ x 50x 10° 


=3.6x10°N 
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OBJECTIVE Type Questions 


1. For a toroid, magnetic field strength in the 


region enclosed by wire turns is given by 
n I, where n= number of turns 


(a) B=Ho 
(b) B=Ho{/n, where n= number of turns per metre 
(c) B= Bo , where r = mean radius 
HoNI | where, N = number of turns 
E e= 2nr and r= radius of toroid. 


The value of force F acting on charge q moving 
with velocity perpendicular to the magnetic 


field B will be 


(a) F =qvB wr: 


(grat (a) F = 
v q 


An electron of charge (e) is moving parallel to 


uniform magnetic field 8 with constant 
velocity v. The force acting on electron is 
(b) Be/v 


B 
(ma (d) zero 


(c) B/ev 

In a uniform magnetic field, an electron (or 
charge particle) enters perpendicular to the 
field. The path of electron will be 

(b) circular 


(a) ellipse 
(d) linear 


(c) parabolic 


5. 


r 
f 
$ 
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If the velocity of charged particle is doubleg 
and value of magnetic field is reduced to half 
then the radius of path of charged particle will 


be : 
(a) 8 times (b) 4times (c)3 times (d) 2 times N 


An electron is projected with uniform velocity 

along the axis of a current carrying long 

solenoid. Which of the following is true? 

NCERT Exempla 

(a) The electron will be accelerated along the axis 

(b) The electron path will be circular about the axis 

(c) The electron will experience a force at 45° to the 
axis and hence execute a helical path 

(d) The electron will continue to move with uniform 
velocity along the axis of the solenoid 


VERY SHORT ANSWER Type Questions 
7. Magnetic field lines can be entirely confined 


8. 


© 


10. 


12. 


13. 


within the core of toroid, but not within a 
straight solenoid. Why? 

An electron does not suffer any deflection while 
passing through a region,of uniform magnetic 


field, what is the direction of the magnetic 
field? All India 2009 


A charged particle enters an environment ofa 
strong and non-uniform magnetic field varying 
from point to point both in magnitude and | 
direction, and comes out of it following a | 
complicated trajectory. Would its final speed 
equal to the initial speed, if it suffered no j 
collisions with the environment? NCERT 


A narrow beam of protons and deuterons, each 
having the same momentum, enters a region of 
uniform magnetic field directed perpendicular 
to their direction of momentum. What would 
be the ratio of the radii of the circular path 
described by them? è Foreign 201! 


Sa of irregular shape carrying current is 
Bented in an external magnetic field. 

If the wire is flexible, why does it change to 4 
circular shape? 


oe tends to contract when a current 
es through it. Justify the given stateme™ 


A 

Haralla and an electron travelling along 

ma e y enter a region of uniform |. 

paths T acting perpendicular to the! 

Path with hi of them will move in a circula! 018 
igher frequency? cBsE? 
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sHORT ANSWER Type Questions 


14. 


16. 


18. 


19, 


Along solenoid of length L having N turns 
carries a current 1. Deduce the expression for 
the magnetic field in the interior of the 


solenoid. All India 2011C 


Obtain with the help of a necessary di 
the expression for the magnetic field 
interior of a toroid carrying current. 
All India 2011C 
Define one tesla using the expression for the 
magnetic force acting on a particle of charge q 
moving with velocity vin a magnetic field B. 
Foreign 2014 


agram, 
in the 


. Aparticle of charge q.and mass mis moving with 


velocity v. It is subjected to a uniform magnetic 


field B directed perpendicular to its velocity. 
Show that it describes a circular path. Write the 
expression for its radius. 


Foreign 2012 
A charge q moving along the B 
X-axis with a velocity v is 
subjected to a uniform magnetic a 
field B acting along the Z-axis as Y 
it crosses the origin O. Yr 
(i) Trace trajectory. X 


(ii) Does the charged particle gain kinetic 
energy as it enters the magnetic field?» 
Justify your answer. Delhi 2009 


Write the expression in the vector form for the 


_ Lorentz magnetic force F due to a charge 


20, 


24, 


22. 


moving with velocity v in a magnetic field B. 
What is the direction of the magnetic force? 
Delhi 2014 


Write the expression for Lorentz magnetic force 
on a particle of charge q moving with velocity v 
in a magnetic field B . Show that no work is 
done by this force on the charged particle. 

All India 2011 


Find the condition under which the charged 
Particles moving with different speeds in the 
presence of electric and magnetic field vectors 
can be used to select charged particles of a 
Particular speed. All India 2017 


A point charge is moving with a constant 
Velocity perpendicular to a uniform magnetic : 
field as shown in the figure. What should be 
Magnitude and direction of the electric field so 


“that the particle moves undeviated along the 


same path? Foreign 2009 


23. 


24. 
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An electron and a proton moving with the same 
speed enter the same magnetic field region at 
right angles to the direction of the field. Show 
the trajectory followed by the two particles in 
the magnetic field. Find the ratio of the radii of 
the circular paths which the particles may 
describe. Foreign 2010 
Peas siei x 
T Coe kK xe 


x 


An iron ring of relative permeability u, has 
windings of insulated copper wire ofn turns per 
metre. When the current in the windings is J, 
find the expression for the magnetic field in the 
ring. CBSE 2018 


LONG ANSWER Type I Questions 


25. 


26. 


27. 


Explain, how Biot-Savart’s law enables one to 
express the Ampere’s circuital law in the 
integral form, viz. 


fB-dl=wol 


where, J is the total current passing through the 
surface. Delhi 2015 


A long straight solid metal wire of radius R 
carries a current J uniformly distributed over its 
circular cross-section, Find the magnetic field 
at a distance r from the axis of wire (i) inside 

(ii) outside the wire. 


(i) State Ampere's circuital law expressing it in 
the integral form. 

(ii) Two long coaxial insulated solenoids, S} and 
S, of equal lengths are wound one over the 
other as shown in the figure.Asteady 
current / flows through the inner solenoid S, 
to the other end B, which is connected to the 
outer solenoid S, through which the same 
current J flows in the opposite direction, so 
as to come out at end A. Ifn, and n, are the 
number of turns per unit length, find the 
magnitude and direction of the net magnetic 


186 


field at a point (a) inside on the axis and (b) 
outside the combined system. Delhi 2014 


NW 
) 


ii) 


28. (i) Write the expression for the force 
F acting on a particle of mass m and charge q 
moving with velocity v in a magnetic field B. 
Under what conditions will it move in 
(a) a circular path and 
(b) a helical path? 

(ii) Show that the kinetic energy of the particle 
moving in magnetic field remains constant. 

Delhi 2017 


(i) Write the expression for the magnetic force 
acting on a charged particle moving with 
velocity vin the presence of magnetic field B. 

(ii) A neutron, an electron and an alpha particle 
moving with equal velocities, enter a 
uniform magnetic field going into the plane 
of the paper as shown in the figure. Trace 
their paths in the field and justify your 


29. 


answer. 

x x x x x x 
ae— 

x x x x x x 
ne—— ? 

x x x x x x 
ponm 

x x x x x x 


Delhi 2016 


30. Auniform magnetic field B is set up along the 
positive X-axis. A particle of charge q and mass 
m moving with a velocity v enters the field at the 
origin in XY -plane such that it has velocity 
components both along and perpendicular to the 
magnetic field B. Trace, giving reason, the 
trajectory followed by the particle. Find out the 
expression for the distance moved by the particle 
along the magnetic field in one rotation. Delhi 2015 


LONG ANSWER Type II Questions 


31. (i) Using Ampere’s circuital law, derive the 
expression for the magnetic field in the 
vector form at a point on the axis of a 
solenoid. 

What does a toroid consist of ? Find out the 
expression for the magnetic field inside a 


(ii) 
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toroid for N turns of the coil havin 

average radius r and carrying a curren; ; 
Show that the magnetic field in the one 
space interior and exterior to the toroig is 


zero. ' 


Answer the following questions. 

(i) A magnetic field that varies in magnitude 

from point to point but has a constant 

direction (East to West) is set up in a 

chamber. A charged particle enters the 

chamber and travels undeflected along a 

' straight path with constant speed. What can 
you say about the initial velocity of the 
particle? 

(ii) A charged particle-enters an environment of 
a strong and non-uniform magnetic field 
varying from point to point both in 
magnitude and direction, and comes out of 
it following a complicated trajectory. Would 
its final speed equal to the initial speed, if it 
suffered no collisions with the environment 
? 

(iii) An electron travelling West to East enters a 
chamber having a uniform electrostatic field 
in North to South direction. Specify the 
direction in which a uniform magnetic field 
should be set up to prevent the electron 
from deflecting its straight line path. NCERT 


NUMERICAL PROBLEMS 


33. A solenoid of length 50 cm having 100 turns 
carries a current of 2.5 A. Find the magnetic 
field (i) in the interior of the solenoid, (ii) at one 
end of the solenoid. Delhi 2010 


32. 


34. 


A solenoid of length 1.0 m and 3.0 cm diameter 
has 5 layers of windings of 850 turns each and 
carries a current of 5 A. What is the magnetic fiel 
at the centre of solenoid? Also, calculate the 
magnetic flux from a cross-section of the magnet’ 
flux solenoid at the centre of solenoid, All India 20! 


35. A magnetic field of 100 G(1G = 10“T) is 


eh Which is uniform in a region of lineat 
ension about 10 cm and area of 
fit cee about 10°? m2. The maximum 
IISA andiae capacity of a given coil of W 
that can be w number of turns per unit leng! 
turns m`}, Sy ound round a core is at most 10 
particulars B-aj some appropriate desig” 
purpose, A a solenoid for the required 
' Assume the core is not ferromag” 
N 


ire 


etic: 
cent 


| 
| 
| 
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36. 


— 


- (b) In first case, the radius of path, r= A 
q 


An electron of energy 2000 eV describes a 


circùlar path in magnetic field of flux density 0.2 
T. What is the radius of path? Take, e = 1.6x10-!° G, 


m=9x 10! kg. 


HINTS AND SOLUTIONS | 


. (d) For toroid, applying Ampere’s circuital law, 


B(2nr)=pyNI = B= HoNt 
2mr 
where, B= magnetic field of a toroid, 


N = number of turns of toroidal coil 
and r= radius of toroid. 


(a) The force on charge q, F = qvB. 


. (d) The force on electron, F =qvBsin6 . 


The electron is moving parallel to the magnetic field, 
so 6=0° 


F = qvBsin0° =0 


. (b) When the charged particle enters in the magnetic field 


perpendicular to it, then the force due to magnetic field, 
F = qvBsin90° = qvB 

The direction of this force is always perpendicular to 

movement of charged particle. The charged particle is 

moving under the influence of constant force but its 

direction is continuously changing. So, the particle will 

move in a circular path with constant velocity v. 


mv 


aoe 
mv 


q’ B’ 


mX 2v 
q x B/2 


In second case, the radius of path, r’ = 


=4r 


- (d) Magnetic Lorentz force on electron projected with 
uniform velocity along the axis of a current carrying long 


solenoid F = — evBsin180° = 0(@ = 0°) as magnetic field 


and velocity are parallel. So, the electron will continue to 
Move with uniform velocity along the axis of the solenoid. 


- The magnetic field lines always form closed loops. As, the 


turns of the wires in a toroidal solenoid are wound over 


its core in circular form, the field lines are confined within 
the core of toroid. In a straight solenoid, the magnetic 


field lines cannot form closed loops within the solenoid. 


’ As |F| = qvBsin®@ 


dE @ = 0° or 180°, then F =0 
When the particle moves parallel or anti-parallel to the 


Magnetic field, then it does not experience any deflection. 


- Yes, the final speed is equal to its initial speed as the 
Magnetic force acting on the charged particle only 


changes the direction of velocity of charged particle but 
cannot change the magnitude of velocity of charged 
Particle, 


10. 


11. 


12. 


13. 


. 14. 
15. 
16. 


17. 
18. 


19. 


20. 
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For given momentum of charged particle, radius of 
circular path depends on charge and magnetic field as 


mv 
=— > r% — 
qB qB 


For given momentum, Trooni emeron: = 121 


As, they have same momentum, charges are moving in 
small magnetic field. 


r 


Forces on the loop due to magnetic field act is in all 
directions. Thus, the loop attains a circular shape. 


The turns of the solenoid are parallel to each other 
and carry current in the same direction. As we know 
that two parallel current carrying conductors in the 
same direction attract each other. Thus, the solenoid 
tends of contract. 


As we know that in a circular path, frequency of a 
charged particle is given by 


v= = 

2mm 
1 
or Veo — 
m 


Since, m, > m,, therefore electron will move in circular 
path with higher frequency. 


Refer to text on pages 180 and 181. 
Refer to text on page 181. 
Refer to text on page 183. 
F = qvB 

=> B= =. 

qv 
1T= ore 

(1C) (ims ~™*) 


Refer to text on page 182. 


=> 


(i) As, the charged particle is moving perpendicularly 
to the magnetic field. So, it will perform circular 
motion in XY-plane. , 


(ii) No, the charged particle does not gain any KE as 
Lorentz force acting on it does not perform any 
work as F„ L v. 


The expression in vector form is given by 

F = q (v X B). The direction of the magnetic force is in 
the direction of (v x B), i.e. perpendicular to the plane 
containing vand B 


Refer to text on page 183. 


Lorentz magnetic force always acts perpendicular to 
the direction of motion of the particle. Thus, work 
done by this force is zero. 
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21. . . . . 
È diagram in which particle moves in magnetic and 
electric field is shown below 


Forces on a charged particle are 
F, = electric force = gE, 
F,, = magnetic force = Bqv 
For a particle to go straight without any deflection 


F, = F„, => qE = Bqv > v=Ž 


In this way, particles having speed, v = $ are separated. 
22. As, v=-vi 
[~ the particle is moving along 
X-direction] 
B =— Bk 
[- the magnetic field is perpendicular to the plane of the 
paper directed inwards, i.e. negative Z-direction] 
. Force acting due to magnetic field, 
E, =q (v x B)=q [- i x(- Bk)], 
F,=- qvBj [Fe 
=> Magnitude of F,, =|F,, | = vB 
The direction of Fm is along negative Y-direction.For the 
undeflected motion of particle, 
Force due to electric field = Force due to magnetic field, 
gE = q(v x B) 
Se E=vxB 
Magnitude of electric field, |E] =| v x B| and direction of 
magnetic field will be perpendicular to both vand B, ie. 
along Y-axis. 
23. When a charged particle enters in the magnetic field at 
right angle, then the particle follows a circular path. 


ixk=-j] 


zx * x x 
Circular ~, 
p ath Proton 
x x x x 
p— 
z x x x 
e — <- 
Electron 
* Circular” 7 
path 


Radius of the circular path, r= as 
q 


For same speed v, magnitude of charge and magnetic 
field 


rem 


| 
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rom, 


=> = 

i Mp 
where, m, and m, are masses of electron and proton, 
respectively. 
on m <m 


=> R< rp 
The curvature of path of electron is much more than 


| 
‘ 
i <m, 
ie. Proton is much heavier than electron. 
curvature of path of proton. | 
| 


24. An iron ring having insulated copper ofha 
winding is also called a toroid. Magnetic S “oP 
field lines inside the toroid are circular, <^ Le 
concentric with the centre of toroid. Cc. O x 

% te 


25. 


| 
| 
Let J be the current, r be the mean y | 
radius, n be the number of turns per unit f--- | 
length and B be the magnetic field inside l À | 
the toroid. 
The line integral of magnetic field around closed path of | 
circle of radius r is 
fB-di=pBal cos 0° = Bx 27r 


Now, from Ampere’s law, 
Bedi = u, xcurrent enclosed by closed path 
Bx 2nr=u,n(2nr)I or B=ponI 
If the toroid has a material core of relative permeability 
u,, then magnetic field is given by 


B=poH,n]I 


I 
© Ix 
cones any arbitrary closed path perpendicular to the 
p ane of paper around a long straight conductor XY 
carrying current from X to Y, lying in the plane of paper 


Let the closed path be made of large number of small 
elements, where 


verge tn the BC = dh, CD = di 
et d0,,d8,,d6,, be the angles subtended by the variov® 


element i f : ; 
fe. s at point O through which conductor is pass!" 


dO, + d0, +d0,+...=2n 
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Suppose these small elements AB, BC, CD, 


“ements AB, BC, CD,...... are small 
circular arcs of radii r}, r, r... 


-- respectively, 
dì dl d 
Then dð, = —, dð, = —, d9, = dl, 
n n n 


If B,, B,, B, are the magnetic field inductions at a point 
along the small elements d1,, d1,, dl,......., then from 
Biot-Savart’s law we know that for the conductor of 
infinite length, magnetic field is given by 
2I 2I 
= le poi eg be ae 
4m 7, 4m n, 4n on 

In case of each element, the magnetic field induction B and 
current element vector dl are in the same direction. 
Line integral of B around closed path is 


fB-dl = B,-dl, +B, -dl, + B,-dl, +... 
= B,(dl,) + B,(dl,) + B,(dl,) +... 
=Bo 2l y yo iy 


1 arr —dl,+ 

4m 7 ån n, T 
ara eee nee 

4m |n r, LA 

Ho 2l 
= ——[d®, + dO, + d6, +...] 

4n 
=Bo 2I xX 2n =u] 

An 


which is an expression of Ampere’s circuital law. 
26. (i) Let the point P be lying inside 
the wire at a perpendicular 
distance r from the axis of the 
wire. Consider a circular path 

of radius r around the axis of 
the wire. By symmetry, the 
magnetic field produced due 

to current flowing in the wire 

at any point over this path is 
tangential to it and equal in 
magnitude at all points on this path. 


Current enclosed by the closed path, 
2 
ei in 

nR’ R 
Applying Ampere’s circuital law, 
fB-al =HoH,] 
Ir? 
= B(2nr) = HoH, R 


2 
=> B= HoH, i 
2nR°r 
I 
=> B = Pi = r 
n 
(ii) When point P is outside the a R, so that the 
current enclosed by closed path = PAT 
Using Ampere’s circuital law, $B- =p 
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Bx 2nr=\,/ or pa bol 
2nr 
27. (i) Refer to text on page 179. 
(ii) According to Ampere’s circuital law, the net field is 
given by B=[L,nl 
(a) The net magnetic field is given by 
Baa = B, — B= pon! — pon I 
=p ol(n, -n ) 
The direction is from B to A. 
(b) As the magnetic fields due to S, is confined solely 
inside S, as the solenoids are assumed to be very long. 
So, there is no magnetic field outside S, due to current 
in S,, similarly, there is no field outside S,. 


Bae =0 


28. (i) Refer to text on pages 181 and 182. 


(ii) Since, force always adjusts itself in a direction which 
becomes perpendicular to velocity, so only direction 
of velocity changes not the magnitude . Hence, the 
kinetic energy.of the particle always remains 
constant, 

29. (i) Refer to text on pages 181 and 182. 
(ii) According to question, magnetic force on a charge F 
particle is given by 
F =q (v x B) 
The direction of force on the charged particle is given 
by (v x B) with the sign of charged particle, i.e. for 
&-particle, charge is positive and direction of v is + i 
and direction of B is — k. . 
So, direction of force is +(i x — k), ie. +) 
It describes a circle with anti-clockwise motion. 
For neutron 
It is a neutral particle so, it goes undeviated. 
As F =q(vxB)=0 
For electron 
Force is given by F =- e(v x B) 
So, direction = -(ix -—k) >-j 


e describes a circle with clockwise motion 


© Ẹ ® 
© 6 © 
ae" 
© © © 
© 
r R 
© © 
T 
© @ © 
© 6 © 


30. Y 


v=vsind 


v= v.cos 8 
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31. 


32. 


Th 

i npa of the charged particle will be helix. As, the 

Pea ' moves linearly in the direction of the magnetic 
with velocity v cos 8 and also describe the circular 

path due to velocity vsin@. 

Time taken by the charge to complete one circular 


rotati = 3 
i = (i) 
vi 
= f=qv,B 
2 
aad ME = qv, B 
= 
v,m 
= -3B =r ...(ii) 


From Eqs. (i) and (ii), we get 
4 2nvı m _ 2mm 
qB-v, 7 Bq 
Distance moved by the particle along the magnetic field 
in one rotation (pitch of the helix path) 
= vy x T 
2mm 
Bq 
_ 2mmvcos6 
= =a 


=> T 


[e vi = V parallel] 


= vcos0 x 


(i) Refer to text on pages 180 and 181. 

(ii) Refer to text on page 181. 
Magnetic field inside the open space interior of 
the toroid Let the loop 2 be shown in the figure, 
experience magnetic field B. 
No current threads the loop 2 which lie in the open 
space inside the toroid. 
.. By Ampere’s circuital law, 


foana Bed! =Hoiee 


=> B=0 
Magnetic field in the open space exterior of the 
toroid Let us consider a coplanar loop 3 in the open 
space of exterior of toroid. Here, each turn of toroid 
threads the loop two times in opposite directions. 
Therefore, net current threading the loop 

= NI - NI=0 
z. By Ampere’s circuital law, 

$ B-dl =p, (NI — NI)=0 
loop 3 


=> B=0 
Thus, there is no magnetic field in the open space 
interior and exterior of the toroid. 


(i) The magnetic field is in Sa O 


constant direction from weg. — 
East to West. According to East 
the question, a charged 
particle travels undeflected 
along a straight path with constant speed. It is only 
possible, if the magnetic force experienced by the 
charged particle is zero. 


eee 
AČ 


33. Here, I = 2.5 A,n = — = 200 
0.50 
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tude of magnetic force on a movin 

in a magnetic field is given i 
F =qv Bsin® (where 0 is the angle ene vand B 
Here F=0, if and only if sin deg (as ve 
q #9, B0). This indicates the aoe etween the 
velocity and magnetic field is 0° or ade 
Thus, the charged particle parallel oF 
anti-parallel to the magnetic fiele ; Ga | 

(ii) Yes, the final speed be equal to se ie r speed aS the 
magnetic force acting on the ¢ pad partiels on} 
changes the direction of velocity of ¢ harged particle 
but cannot change the magnitude of velocity of 


charged particle. 
(iii) As, the electric | 
means the plate it 
negative. Thus, the 


The magni 
charged particle 


field is from North to South, that 
i North is positive and in South jg 
electrons (negatively charged) 
attract towards the positive plate that means moye 
towards North. If we want that there should be ng 
deflection in the path of electron, then the magnetic 
force should be in South direction. 


North 
++ + + ++ +/+ 


Easl 


~ T Electric field 

South 
By F = —e (v X B), the direction of velocity is West to 
East, the direction of force is towards South, by using 
the Fleming's left hand rule, the direction of magnetic 
field (B) is perpendicularly inwards to the plane of — 
paper. | 

100 | 


(i) B=utonl =4n X107 x 200 x 25 
B=6.28x10°'T 
(ii) B= Hon! _ 4m X10 x 200 x 2.5 
2 


2 
= 3.14 x10'T 


34. Number of turns, N = 850 x 5 f=i1m/=5A 


Ar - i 
ea of cross-section, A = nr = = G x 10+) m’ 


Magnetic field at the centre of solenoid, B = 1,NI/I 
— a i 0 
=4n X107 x (850x 5)x 5/1 
= 2.671 x 10°77 
<. Magnetic flux = BA 
= 2 
7 N2 


=1.89 x 10% wh 
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g5. Magnetic field, B =100 G =100x10 T= 10" T 
To design the solenoid, let us find the product of current 
and number of turns in the solenoid. 

The magnitude of magnetic field, B = Hani 


B1 . -3 
or nl are = ——X3.14 X107 = nl = 7961 = 8000 
0 


Here, the product of n? is 8000. 
Current, | = 8 A and number of turns, n = 1000 


The other design is != 10 A and n = 800/m. This is the 
most appropriate design as per the requirement. 


36. Here, energy of electron, E’ = 2000 eV 
E’ = 2000 x 16x10" J=3.2x 107" J 


ITOPIC 3| 
Magnetic Force and Torque 
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73 
Now, B=0.2T, r=?, £’= 3 mv? 


a yafe 
\ 


m 
2 
v 
Bev = my 
r 
mv m |2E’ 2E’m 
r= —— = — — = 
Be Be\m Be 


42 x3.2K10" x9x 107! 


0.2«1.6x107"” 


=7.5x10* m 


Experienced by a Current Loop 


FORCE ON A CURRENT 
CARRYING CONDUCTOR IN 
A UNIFORM MAGNETIC FIELD 


When a current carrying conductor is placed in a uniform 
magnetic field, then due to motion of free electrons inside 
the conductor, a magnetic force acts on it. 


Current carrying conductor in a uniform magnetic field 


Let us consider a portion of length / and cross-sectional area 
A of a straight conductor carrying a current /. 


Let the magnetic field B be in the plane of the paper 
directed upwards and making an angle 6 with the direction 
of velocity of electrons. 

Let n be the number of free electrons per unit volume in the 
conductor and v be the drift velocity of the electrons. From 
Me relation F = glv x B), where (4 =e) is the charge of an 
“ectton. If however, the conductor makes an angle @ with the 
magnetic field B measured from the conductor towards the 
field B, then the magnitude of the force on each electron is 

F’=ev, BsinO 
The number of electrons in the length / of the conductor is 


N=nAl 


The total force F on the free electrons and hence on the 
length / of the conductor is, therefore 


F=F’xN= (ev, Bsin®)(n AD 
=(ne Av, )Blsin® 
But current flowing through a conductor, / = ned vy 


F=]Blsin®@ 
or F=/(1xB) 


IFO =0° or 180°, then F = / Bl sin0°=0 
[~ sin 0° = 0 and sin 180° = 0) 
It means a conductor placed parallel to direction of 
magnetic field, experiences no force due to magnetic field. 
If 8=90°, then force is maximum. 
Fu = {Bl sin 90° 

= [Bl ls sin 90° = 1) 
It means a conductor placed perpendicular to direction of 
magnetic field, experiences maximum force. 


Rules to Find Out the 
Direction of Force 
The direction of the force acting on a current carrying 


conductor in a magnetic field can be found by any of the 
following two rules, 
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(i) Right Hand Palm Rule If we stretch our right hand 
palm such that the thumb points in the direction of 
the current (/) and the stretched fingers in the 
direction of the magnetic field B, then the force F on 
the conductor will be perpendicular to the palm in 
the direction of pushing by the palm as shown in the 
Fig. (a). 


(a) 

(ii) Fleming’s Left Hand Rule If the fore-finger, the 
middle-finger and the thumb of the left hand are 
stretched mutually at right angles to one another such 
that the fore-finger points in the direction of the 
magnetic field B and the middle-finger in the 
direction of the current /, then the thumb will point 
in the direction of the force F on the conductor as 


shown in the Fig. (b). 


A 3.0 cm wire carrying a current of 10 
A is placed inside a solenoid perpendicular to its axis. The 
magnetic field inside the solenoid is given to be 0.27 T. 


What is the magnetic force on the wire? 


SoL Magnetic force on the wire, 
F = Bilsin@ = Bilsin90° 
= 0.27 x10x3x10™ 


EXAMPLE |1| 


=81x10°N [8 = 90°] 
EXAMPLE |2| A straight wire of mass 200 g and length 
1.5 m carries a current of 4 A. It is suspended in mid air by 
a uniform horizontal magnetic field B. What is the 
magnitude of the magnetic field? 


Sol Applying Fleming's rule, we find that upward force F of 
magnitude JIB acts. For mid air suspension this must be 
balanced by the force due to gravity. 

mg=llB = B= 8 
I 
Given, m = 200 g= 0.2 kg, g= 9.8 ms’, 1 =4A,1=15 i 


B= 0.2 x 9.8 


We have, = 0.325 T 
4x 1.5 
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-ORCE BETWEEN TWO PARAL 
TORRENT CARRYING LEL 
CONDUCTORS 


To find the force on a current carrying wire due toa is 
current carrying Wire, first find the magnetic field dy, x 
second wire at the site of first wire. Then, find the forca 


the first wire due to that field. 


Bı { ——| Bo 
B2 B; 
Rs 
Fi F2 
Ii hk 
Ai Az 


Two parallel current carrying conductors 


Ce On 


Let us consider A,B, and A,B, are two infinite long 


straight conductors. 
I, and7, are the currents flowing through them and these 


are at r distance apart. 
Magnetic field induction at a point P on conductor A,B, 


due to current 
_ Mo2l, 


I, passing through A, B, is By = 
á nr 
The unit length of A,B, will experience a force as 
F, = Bil, x (= Bylyl 


or S EL Yi 
© ÁT r 


Conductor A, B, also experiences the same amount of force, 


directed towards the wire A,B. 


Therefore, force between two current carrying paral 
conductors per unit length is 


patio 24h 
án r 


Two li 

le rh parallel conductors carrying currents ! 

: i ee attract each other while carrying currents” 
Pposite direction they repel each other. 


Definition of Ampere 
(In terms of the force) 


One ampere is 
the two e i current which flows through each 4 
are placed in M uniform long linear conductors, whic 
Saas ea space at a distance of 1 m from € 
a ch 4 : 
of 2x 107? N/ attract or repel each other with a ore 
m of their lengths. 


n the 
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EXAMPLE |3| Calculate the force per unit length on a 
png straight wire carrying current of 4 A due to a parallel 
wire carrying 6 A current, if the distance between the 
wires is 3 cm. 

Sol. Given, 1, =4 A.J, =6 A, r=3 cm =0.03 m 

Ho 2il, 

4m r 

_107x2x4x6 

~ 003 

=1.6 X107 ‘N/m 


F= 


EXAMPLE |4| A short conductor of length 5 cm is 
placed parallel to a long conductor of length 1.5 m near its 
centre. The conductors carry currents 4A and 3A 
respectively in the same direction. What is the total force 
experienced by the long conductor when they are 3 cm 
apart? . 
Sol. Force on long conductor is equal and opposite to the 
force on small conductor = a Mere 
4m r 


Given, ], =4A,1, =3A,r=3xX10 ?m,1=5x10 °m 
_ 4m x10? x2x4x3x5x10 ° 

7 4mnx3x10° 

=4x10 °N 


=> F 


TORQUE EXPERIENCED BY A 
CURRENT LOOP IN UNIFORM 
MAGNETIC FIELD (MAGNETIC DIPOLE) 
Consider a rectangular loop ABCD be suspended in a 
uniform magnetic field B. Ler AB =CD=b and 
AD = BC = a. Let I be the current flowing through the loop. 


— â 


Rotation axis 
o) 


A rectangular current carrying coil in uniform magnetic field 
Case l The rectangular loop is placed such that the 
uniform magnetic field B is in the plane of loop. 


© force is exerted by the magnetic field on the arms AD 
ind BC (. they are parallel to the magnetic field). 


~ netic field exerts a force F, on arm AB, 
i F, = IbB 
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Magnetic field exerts a force F, on arm CD, 
F, = 16B = F, Fa 
F, and F, are equal and opposite, so 


‘net force on the loop is zero. But line 


of action of F, and F, are oppositeand = -a/2—+-—~a/2 
parallel, so they form a couple. 
The torque produced due to couple on 2 
the loop rotates the loop in 
anti-clockwise direction. F, 
Torque, T=rXF 
a a NO 
So, pE ngtez [sin 90°= 1] 


_ (e Torque = Force x Perpendicular distance of line 


of action) 


e t= IbB + IbB= =I (ab) B= IAB 


where, b be breadth of the rectangular coil, a be length of 
the rectangular coil and A = ab (area of the coil). 


Case 11 The plane of the loop is not along the magnetic 
field, but makes an angle with it. 


Cc 
I B 


The area vector of the loop ABCD makes an 
arbitrary angle @ with the magnetic field 


Angle between the field and the normal to the coil is 6. 
Forces on BC and DA are equal and opposite and they 
cancel each other as they are collinear, 

Force on AB is F, and force on CD is Fy, 

and F, =F, =1bB 

Magnitude of torque on the loop is as shown in figure 
below: 


Top view of the loop. The forces A and F, 
acting on the area AB and CD are indicated 


a a. 
=F ~sin0+F, —sin9® 
T Rgt 25 


t= labB sin® = IAB sin ® 


194 


where, A = ab (area of coil) 


The torque on the loop can be expressed as the vector 
product of the magnetic moment of the coil and the 


magnetic field 


t= MBsinĝû =MXB 


where, M = N/A is magnetic moment of the loop, its unit 


- y ] 
Is ampere-metre ~. 


This is analogous to the electrostatic case (electric dipole of 


dipole moment p in an electric field £) 
When M and B are parallel, then current loop is in stable 
equilibrium. Any small rotation of the loop produces a 
torque which brings it back to its original position. When 
M and B are anti-parallel, then current loop is in unstable 
equilibrium. 
Magnetic moment of the loop of N turns, 
M = NIA 

The total torque on the coil is given by 

t= NIABsin 9 = (NIA) B sin 0 = BINA sin 8 
The presence of this torque is also the reason why a small 
magnet or any magnetic dipole aligns itself with the 
external magnetic field. 


EXAMPLE |5| A circular coil of 20 turns and radius 
10 cm carries a current of 5 A. It is placed in a uniform 
magnetic field of 0.10 T. Find the torque acting on the coil, 
when the magnetic field is applied in the plane of coil. 
Sol. Given, total number of turns, N = 20 
Radius, r= 10 cm= 10x 107 *m 
Current, J/=5A 
Angle, @=90° 
External uniform magnetic field (B) =0.10 T 
Torque, t=? 
As, torque, T = BINA sin 8 
= 0.10*5x 20x 0.0314 xX sin90° 


=0.314 N-m 


= 


EXAMPLE |6| Calculate the torque of a 100 turns 
rectangular coil of length 40 cm and breadth 20 cm, 
carrying a current of 10 A, when placed making an angle 
of 60° with a magnetic field of 5 T. 
Sol. Given, I =10A, N =100, | =40cm,b = 20 cm 

B=5T,0=60° 

A = 1x b=40x 20 = 800 cm’ =8x107 m? 

t= NBIAsinĝð=100x5x10x8x10 xsin60° 

= 346.41 N-m 
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EXAMPLE |7| Find the magnitude CN 
of magnetic moment of the current B 
carrying loop ABCDEFA. Each side of 
A E 


the loop is 10 cm long and current in 


the loop is I = 2.0 A. A 


Sol. By assuming two equal and opposite 
currents in BE, two current carrying loops (ABEFA and 


BCDEB) are formed. Their magnetic moments are equal 
in magnitude but perpendicular to each other. Hence, 


M,a = JM? + M? = V2M 
M=IIA=2x(l xb) 
= 2x (0.1) (0.1) = 0.02 A-m?* 


M. = (V2) (0.02) = 0.028 A-m* 


net 


MOVING COIL GALVANOMETER 


Principle 
Its working is based on the fact that when a current carrying 
coil is placed in a magnetic field, it experiences a torque. 


Schematic arrangement of moving coil galvanometer 


Construction 


The moving coil galvanometer consists of a coil with many 
turns free to rotate about a fixed axis, in a uniform radia 
magnetic field. There is a cylindrical soft iron core whic 
not only makes the field radial but also increases ™° 
strength of the magnetic field. When ne flow 
through the coil, a torque acts an it eidi 


Working 


Rppo ʻi S PQRS is suspended freely in the magnetic 
or SP of the ci Ae PQ or RS of the coil, b be breadth Qk 
of ich aie e , be number of turns in the coil and ™ 

n of the coil, A=/ x b.Let B be strength of the 
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magnetic field in which coil is suspended and: J is current 
«ing through the coil in the direction PQRS. 
jet at any instant, Ot be the angle, which normal drawn on 
the plane of the coil makes with the direction of magnetic 
feld. The rectangular coil carrying current when placed in 
the magnetic field experiences a torque whose magnitude ts 
even by T= NIBA sin &.Due to deflecting torque, the coil 
rotates and suspension wire gets twisted. A restoring torque 
isset up in the suspension wire. 
Let 8 be the twist produced in the phosphor bronze’ strip 
due to roration of the coil and &-be the restoring torque per 
unit wist of the phosphor bronze strip. Then, ‘ 
Toral restoring torque produced = £6 
In equilibrium position of the coil, 
Deflecting torque = Restoring torque 


NIBA =k® 
k 
{Į = —— =G0 1 
? NBA 
h —_— = 
where, A 


lt is known as galvanometer constant. 


it. Be J. It means that the deflection produced is 
proportional to the current flowing through the 
galvanometer. 


Current sensitivity of the galvanometer is the deflection per 
unit current flowing through it. 

ee © NAB 
Itis given by J, = — = — 

g y t5 J] k 
Its unt is rad/A or div/A. 
` Voltage sensitivity is the deflection per unit voltage. 
lt is given by 
B\Z 


V | k dV 
or V, _ NAB 1 _ NAB 
eT. R RR 


[-." according to Ohm's law, V= IR] 
lts unit is rad/V or div/V. 
Note Dead beat galvanometer is one in which the coll comes to 


test at once after the passage of current through it. The deflection 
e noted in no time. 


EXAMP LE |8| In order to increase the current 
“sitivity of a moving coil galvanometer by 50%, its 
sistance is increased so that the new resistance becomes 

ce its initial resistance. By what factor does its voltage 
Sensitivity change? 
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501, _ 1501, 
100 100 


= 315 “pe = 2R 
2 


Sol. Increased current sensitivity, 14 =I, + 


I à 
Initial voltage sensitivity, V, = F ~(i) 


New voltage sensitivity, Vj. = =— = -2— 


=>' Vs =V; 


[from Eq. (i)] 


Vs eI VS x109 
Vs 


. % decrease in voltage sensitivity = 


- (1-2) x100 = 257 
4 


Note This topic has been frequently asked in the previous year 
exams, i.e. in year 2016, 2015, 2014, 2010. 2009 


Conversion of a Galvanometer 
into Ammeter 


To convert a galvanometer into ammeter, its resistance 
needs to be lowered, so that maximum current can pass 
through it and it can give exact reading. 


A shunt (low resistance) is connected in parallel with the 
galvanometer, 


i 
= rl, 


where, Z= total current in circuit, 

G = resistance of the galvanometer, 

S= resistance of the shunt (low resistance) 
and Z, = current through the galvanometer, 


EXAMPLE |9| A galvanometer of resistance 15 Q gives 
full scale deflection for a current of 2 mA. Calculate the 
shunt resistance needed to convert it to an ammeter of 
range 0 to 5 A. 
Sol. Given, 
G=15 Q, lq =2mA 
=2x10°A,J=5A 
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G 
-. Shunt resistance, S = wi 
l- 
_ 2x10? x15 
5-2x10° 
=0.006 Q 


This resistance S = 0.006 Q is connected in parallel with 
the galvanometer. The small resistance is connected in 
parallel, because we have to decrease the resistance of 
the galvanometer so that most of the current passes 

_ through it and it gives the exact value of the current. 


Conversion of a Galvanometer into 
Voltmeter 


To convert a galvanometer into voltmeter, its resistance 
needs to be increased, so that there is no potential drop 
across it because with high resistance no current passes 
through it. . 


DdD 
o e 
1 
b~ | 
i 
f 
i 
| 
' 
' 
i 
' 
i 
d >i 
| 
TE sete 
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l 


p=- 


Voltmeter 


A high resistance is connected in series with the 
galvanometer, then the value of R is given by 


R=—-G 
I 


£ 
where, V = potential difference across the terminals A and B 
J, = current through the galvanometer 
(full scale deflection current), 
R = high resistance 


and G = resistance of the galvanometer. 


EXAMPLE |10| The full scale deflection current of a 
galvanometer of resistance 19 is 5mA. How will you 
convert it into a voltmeter of range 5 V? 

Sol. From the relation, V = J í (G + R), we have 


ro" -G 


= 99 Q 


a: a Misia of 999 Q should be connected in series 
wi e galvanometer to convert it into a 
desired range. voltmeter of 
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CIRCULAR CURRENT LOOp | 
AS A MAGNETIC DIPOLE | 


A current loop behaves as a i 
magnetic dipole. IF we look at A | 
the upper face, current is 
anti-clockwise, so it has North 
polarity. If we look at lower face, 
current is clockwise, so it has . 
South polarity. | 
That means current loop behaves Lower face 
as a system of two equal and | 
opposite magnetic poles hence, it acts as a magnetic dipole, | 
Magnetic dipole moment of loop, M = NIA 
where, / = current flowing through the loop | 
A =area enclosed by the loop | 
and N = number of turns in the coil 
The magnitude of magnetic field on the axis of a circular 
loop of radius R, carrying steady current / is given by | 
HoZR? 


Ta A(x? + R2)3!2 


For x>> R, 
IR? IA à 
pabo sÉ ps Aa aR] 
2x 21x 
M 
=> BLS [l M = JA] 


MAGNETIC DIPOLE MOMENT 
OF A REVOLVING ELECTRON 


An electron being a charged particle, constitutes a current 
while moving in its circular orbit around the nucleus 
(~ Moving charge constitutes a current as well as magnetic 
field), If T is the time period of revolution, then curren 


constituted by electron is / = Ls wl) 
‘ T 


where, e = charge of electron. 


ri is the orbital radius of electron and its orbital speed is” 
en 


2mr 
T =Z sa ¢ A ev H 
gn Te a |, iM 


The direction of this m 


i E, of 
the paper, agnetic moment is into the plan? 
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e -_ 
M =—(m,vr)=—_] or A 
2m, m, 2m, 


«here, =m, vr is angular momentum of the electron. 


M = £ isa constant, 
| 2m, 


8.8 X 10'°C/kg for an electron. 


called gyromagnetic ratio, its value 


from Bohr’s hypothesis, angular momentum can have only 


i lues, = 2 
e discrete values, / = — 
som 2 


T 
where, h= Planck’s constant and » is natural number 


E ET See aal 


Forn=1, M will be minimum. 
eh 


41m, 


min 


Itis Bohr’s magneton, which is defined as magnetic moment 
of revolving electron in its first orbit. Its value is 
927x104 A-m?. 


EXAMPLE |1| An electron in a hydrogen atom is moving 
with a speed of 2.3x 10° ms? in an orbit of radius 0.53 A. 
Calculate the magnetic moment of the revolving electron. 
Sol Given, v= 2.3x 10° ms“, $ 

r =0.53 À =0.53x 107 *® m 


: e 
Equivalent current, I = — = — = —— 


_ 1.6 103% 2.3x 10° 
~ 2x 3.14% 0.53x 10°” 
= 1.105x 107° A 
<. Magnetic moment, | 
M=IA=I (mr*)= 1.105x 107° x 3.14x (0.53x 10° '°)? 
= 9.75 x10 A-m? 


TOPIC PRACTICE 3 | 


OBJECTIVE Type Questions 


L. Two parallel wires are placed 1 m apart and 1A 
and 3 A currents are flowing in the wires in 
Opposite direction. The force acting per unit 
length of both the wires will be 
(a)6x10-7 N/m attractive 
(b)6x10~> N/m attractive 
(c)6x10~” N/m repulsive 
(d)6x107 N/m repulsive 
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2. Acircular loop of area A, carrying current J, is 
placed in a magnetic field B perpendicular to 
the plane of the loop. The torque on the loop 
due to magnetic field is 


(a) BIA  (b)2BIA (o) ; BIA (d) zero 


3. The area of a circular ring is 1cm? and current 
of 10 Ais passing through it. If a magnetic field 
of intensity 0.1 T is applied perpendicular to 
the plane of the ring. The torque due to 
magnetic field on the ring will be 


(a) zero (b) 107 * N-m (c) 107 ? N-m (d) 1 N-m 


4. Acircular current loop of magnetic moment M 
is in an arbitrary orientation in an external 
magnetic field B. The work done to rotate the 


loop by 30° about an axis perpendicular to its 
plane is 


NCERT Exemplar 
MB 
(a) MB (b) V3 a 
(c) 1 (d) zero 


5) The current iis flowing in a coil of area A with 
the number of turns N, then the magnetic 
moment of the coil M will be 
(a) NiA (b) Ni/A 
(c) Ni/VA (d) N° Ai 


6. Agalvanometer of resistance 25 Q shows full 
scale deflection for current of 10 mA. To 
convert it into 100 V range voltmeter, the 
required series resistance is 
(a) 9975Q (b) 10025 Q 
(c)10000 Q (d)975Q 


VERY SHORT ANSWER Type Questions 


7, A conducting loop carrying a current J is 
placed in a uniform magnetic field, pointing 
into the plane of the paper as shown in the 
figure, then the loop will have a tendency to 
expand. Explain. 


8. Give the magnitude of torque which acts on a 
coil carrying current placed in a uniform 
radial magnetic field. 
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9. Write the underlying principle of a moving coil 


10. 


li. 


12. 


13. 


galvanometer. Delhi 2016 


Why should the spring/suspension wire in a, 
moving coil galvanometer have low torsional 
constant? 


Why is a coil wrapped on a conducting frame in 
a galvanometer? 


The coils in certain galvanometers, have a fixed 
core made of a non-magnetic metallic material. 
Why does the oscillating coil come to rest so, 
quickly in such a core? 

A voltmeter, an ammeter and a resistance are 
connected in series with a lead accumulator. 
The voltmeter gives some deflection but the 
deflection of ammeter is zero. Comment. 


SHORT ANSWER Type Questions 


14. 


15. 


16. 


Two long wires carrying currents I, and /, are 
arranged as shown in the figure. One carrying 
current 1, is along the X-axis. The other carrying 
current J, is along a line parallel to Y-axis, given by 
x = Oandz = d. Find the force exerted at point Q; . 
because of the wire along the X-axis. 


Z 


NCERT Exemplar 


Two long parallel wires carrying a current /, 
separated by a distancer are exerting a force F 
on each other. If the distance between them is 
increased to 2r and current in each wire is 
reduced from J to 1/2, then what will be the 
force between them? 


(i) Two long straight parallel conductors a and b 
carrying steady currents l, and L 
respectively are separated by a distance d, 
Write the magnitude and direction, what is 
the nature and magnitude of the force 
between the two conductors? 

(ii) Show with the help of a diagram, how the 
force between the two conductors. would 
change when the currents in them flow in 
the opposite directions. Foreign 2014 


| 
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17. Arectangular coil of sides l and b carrying a 


18. 


19. 


20. 


current / is subjected to a uniform magnetic 
field B acting perpendicular to its plane. Obtain 
the expression for the torque acting on it. 


Define current sensitivity and voltage 
sensitivity of galvanometer. Increasing the 
current sensitivity may not necessarily increase 
the voltage sensitivity of a galvanometer, justify 
your answer. All India 2009 


How is a moving coil galvanometer converted 


into a voltmeter? Explain giving the 

necessary circuit diagram and the required 
mathematical relation used. . All India 2011¢ 
A galvanometer gives full scale deflection with 
the current J,. 

Can it be converted into an ammeter of range 


I< IR 


LONG ANSWER Type I Questions 


“21. 


22. 


23. 


24. 


Draw a labelled diagram of a moving coil 
galvanometer and explain its working. What is 


the function of radial magnetic field inside 
the coil? Foreign 2012 


Answers the following questions. 

(i) Write two reasons why a galvanometer 
cannot be used as such to measure the 
current in a given circuit. Name any two 
factors on which the current sensitivity ofa 
galvanometer depends. 

(ii) Why is it necessary to introduce a 
cylindrical soft iron core inside the coil of a 
galvanometer? 


“State the principle of working of a 


galvanometer. 

A galvanometer of resistance G is converted 
into a voltmeter to measure upto V volts by 
connecting a resistance R, in series with the 
coil, If a resistance R, is connected in series ` 
with it, then it can measure upto V/2 volts. Fin 
the resistance, in terms of R, and R,, required t° 
be connected to convert it into a voltmeter tha 
can read upto 2V. Also, find the resistance G of 


the galvanometer in terms of R, and R}. 
All India 2015 


A100 turns rectangular coil ABCD (in X y-plané) 
is hung from one arm of a balance figure. A 
mass 500 g is added to the other arm to balan 


f 
f 


Delhi 201 4¢ 
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the weight of the coil. A current 4.9 A passes 
through the coil and a constant magnetic field 
of 0.2 T acting inward (in XZ-plane) is switched 
ON such that only arm CD of length 1 cm lies in 
the field. How much additional mass m must be 
added to regain the balance? NCERT Exemplar 


LONG ANSWER Type II Questions i 


25. Explain using a labelled diagram, the principle 
and working of a moving coil galvanometer. 
What is the function of 


(i) uniform radial magnetic field (ii) soft iron 
core? 
Also, define the terms 
(iii) current sensitivity and 
(iv) voltage sensitivity of a galvanometer? * 
Why does increasing the current sensitivity 
not necessarily increase voltage sensitivity? 
Delhi 2015 


26. (i) Draw a labelled diagram of a moving coil 
galvanometer. Describe briefly its principle 
and working. 

(ii) Answer the following are as follows 

(a) Why is it necessary to introduce a 
cylindrical soft iron core inside the coil 
of a galvanometer? . 

(b) Increasing the current sensitivity of a 
galvanometer may not necessarily l 
increase its voltage sensitivity. Explain 
giving reason. All India 2014 


27.. (i) Explain giving reasons, the basic difference 
in converting a galvanometer into 
(a) a voltmeter and (b) an ammeter 

(ii) Two long straight parallel conductors 

carrying steady currents 1, and I, are n 
separated by a distance d. Explain brie Ja 
with the help of a suitable diagram, how the 
magnetic field due to one conductor acts on 


199 


the other. Hence, deduce the expression for 
the force acting between the two 

conductors. Mention the nature of this 

force. All India 2012 


NUMERICAL PROBLEMS 


28. 


29. 


30. 


31. 


32. 


What is the magnitude of magnetic force per 
unit length on a wire carrying a current of 8A 
making an angle of 30° with the direction of a 
uniform magnetic field of 0.15 T? NCERT 


A long straight wire carrying current of 25 A 
rests on a table shown in the figure. Another 
wire PQ of length 1 m , mass 2.5 g carries the 
same current but in the opposite direction. The 
wire PQ is free to slide up and down. To what 
height will PQ rise? NCERT Exemplar 


A3.0 cm wire carrying a current of 10 Ais 


_ placed inside a solenoid perpendicular to its 


axis. The magnetic field inside the solenoid is 
given to be 0.27 T. What is the magnetic force 
on the wire? NCERT 


A uniform magnetic field of 1.5 T exists in a 


cylindrical region of radius 10.0 cm, its 


direction parallel to the axis along East to West. 
A wire carrying current of 7.0 Ain the North to 
South direction passes through this region. 
What is the magnitude and direction of the 
force on the wire, if 
(i) the wire intersect the axis? 
(ii) the wire is turned from North-South to 
North East-North West direction? 
(iii) the wire in the North-South direction is 
lowered from the axis by a distance of 
6.0 cm? NCERT 


A solenoid 60 cm long and of radius 4.0 cm has 
3 layers of winding of 300 turns each. A 2.0 cm 
long wire of mass 2.5 g lies inside the solenoid 
(near its centre) normal to its axis, both the wire 
and the axis of the solenoid are in the 
horizontal plane. The wire is connected through 
two leads parallel to the axis of the solenoid to 
an external battery which supplies a current of 
6.0 Ain the wire, What value of current (with 
appropriate sense of circulation) in the windings 
of the solenoid can support the weight of the 


wire? (g = 9.8 m/s’) NCERT 
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33. A conductor of length 2 m carrying current of 
2 Ais held parallel to an infinitely long 
conductor carrying current of 10 A at a distance 
of 100 mm. Find the force on a small conductor. 
: Delhi 2010 


34. Two long and parallel straight wires A and B 
carrying currents of 8.0 Aand 5.0 Ain the same 
direction are separated by a distance of 4,0 cm. 


Estimate the force on a 10 cm section of wire A. 
NCERT 


A wire AB is carrying a steady current of 12 A 
and is lying on the table. Another wire CD 
carrying 5 Ais held directly above AB at a 
height of 1 mm. 

Find the mass per unit length of the wire CD, so 
that it remains suspended at its position, when 
left free. Give the direction of the current 
flowing in CD with respect to that in AB. (Take 
the value of g = 10 ms~’) All India 2013 


35. 


A circular coil of 100 turns, radius 10 cm carries 
a current of 5 A. It is suspended vertically in a 
uniform magnetic field of 0.5T, the field lines 
making an angle of 60° with the plane of the 
coil. Calculate the magnitude of the torque that 
must be applied to it to prevent it from turning. 


36. 


A square coil of side 10 cm consists of 20 turns 
and carries current of 12 A. The coil is 
suspended vertically and normal to the plane of 
the coil makes an angle of 30° with the 
direction of a uniform horizontal magnetic field 
of magnitude 0.80 T. What is the magnitude of 
torque experienced by the coil? NCERT 


37. 


(i) A circular coil of 30 turns and radius 8.0 cm 
carrying a current of 6.0 A is suspended 
vertically in a uniform horizontal magnetic 
field of magnitude 1.0 T. The field lines make 
an angle 60° with the normal of the coil, 
Calculate the magnitude of the counter 
torque that must be applied to prevent the 
coil from turning. 

(ii) Would your answer change, if the circular 
coil were replaced by a planar coil of some 
irregular shape that encloses the same area? 
All other particulars are also unaltered, 

NCERT 


A circular coil of 20 turns and radius 10 cm is 
placed in a uniform magnetic field of 0,1 T 
normal to the plane of the coil. If the current in 
the coil is 5.0 A, what is the (i) total torque on 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


1. 


- (d) Torque experienced 
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the coil, (ii) total force on the coil (iii) average, 
force on each electron in the coil due to the 
magnetic field? 

(The coil is made of cop 
cross-sectional area 10™ m` al 
electron density in copper is given to be 
about 10% /m°). 

A rectangular coil of area 2x107 ‘m? and 
40 turns is pivoted about one of its vertical 
sides. The coil is in a radial horizontal field of 
60 G. What is the torsional constant of the hajr 
springs connected to the coil, if a current of 
4.0mA produces an angular deflection of 167 


per wire of 
5 mm? and the free 


Two moving coil meters M, and M, having the 


following particulars 

R, =10Q, N, = 30, A, = 3.6x 107°m?, 

B, = 0.25 T 

Ry =14Q, Nz = 42, A, = 1.8 x 1073 m?, 
B, = 0.50 T (The spring constants are identical 
for the two meters). Determine the ratio of (i) 
current sensitivity and (ii) voltage sensitivity of 
M, and M.. NCERT 
A galvanometer coil has a resistance of 15 Q 
and the meter shows full scale deflection for a 
current of 4 mA. How will you convert the 
meter into an ammeter of range 0 to 6 A? NCERT 


When a galvanometer having 30 division scale 
and 100 Q resistance is connected in series to 
the battery of emf 3 V through a resistance of 
200 Q, shows full scale deflection. Find the 
figure of merit of the galvanometer in | 
microampere. | 
A galvanometer coil has a resistance of 12 Q and 
the meter shows full scale deflection for a 
current of 3 mA. How will you convert the 
meter into a voltmeter of range 0 to 18 V? 

NCERT 
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(c) The force acting per unit length 
F Wohi 
— > a L2 = -7 1 x 3 
L. oy ek — =6x107 


If the currents are in o 


will repel each other. Pposite direction, then the wires 


magnetic field, q = NI rls rent loop in a uniform 


When 80 =0° 
a »tT=0 
(© N =1and sin 0° =9) 
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3, (a) Given, A=1em* = 1x 107 4m, 


10. 


12, 


13, 


14, 


1=10A, B= 0.1T, 8=0° 


The moment of force or torque acting on the circular 
ring, 
t= IBAsin® 
=10X01X1X107 x sing =0 


. (d) The rotation of the loop by 30° about an axis 


perpendicular to its plane make no change in the angle 
made by axis of the loop with the direction of magnetic 
field, therefore, the work done to rotate the loop is zero, 


. (a) The magnetic moment of a current-carrying coil 


M = iA. If there are N turns, then M = NiA. 


. (a) To convert a galvanometer into a voltmeter by 


connecting a high resistance in series, required series 
resistance will be, R = es G 
8 
which restricts the current to safe limit- PE 
where, G = resistance of galvanometer = 25 Q, 


1, = current with which galvanometer gives full scale 
deflection = 10 mA, 


=10x10°A 
V = required range of voltmeter =100 V 
100 
= R=—~ __ 95-9975 
10x10 


- We can see that magnetic field is perpendicular to paper 


and current in the loop is in clockwise direction. So,by 
Fleming’s left hand rule, force on each element of the 


loop is radially outwards, so loop will have a tendency 
to expand. ; 


» Torque, t = NBIAsin®, where the terms have their usual 


meanings. 


: The principle of moving coil galvanometer is based on 


the fact that when a current carrying coil is placed in a 
magnetic field, it experiences a torque. 


Low torsional constant facilitates greater deflection 0 


in coil for given value of current and hence, sensitivity 
of galvanometer increases. 


In order to produce electromagnetic damping i.e., by 
Producing eddy currents in conducting frame which 
elps in stopping the coil soon. 


Due to eddy currents produced in core which opposes 

the cause (deflection of coil), that produces it. This 

further helps in stopping the coil so on, i.e. in making 
€ galvanometer dead beat. 


Voltmeter and resistance being very high when 
connected in series, makes the effective resistance of the 
Circuit very high. Due to this, current in the circuit 
becomes extremely small. 


Here, first we have to find the direction of magnetic field 
at point O, due to the wire carrying current J,,Use 
Maxwell's right hand grip (cork screw) rule, the direction 


15. 


16. 


17, 


18. 


19. 
20. 
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of magnetic field at point O; due to current /, is along 
Y-axis. 
Here, the wire at point O, is placed along Y-axis. Now, 
by the formula, F = J, (1 x B) 
Angle between | and B is 0°, both are at Y-axis, i.e. 

F = IIBsin 0° =0 


So, the force exerted at point O, because of wire along 
X-axis is zero. 


Force per unit length is 
Ho 2I? 
F =—— [<I = =I] 
4r 


If r is increased to 2r and I is reduced to :, then new 


force per unit length is F’= Ho p 202) 


4n 2r 
-i Ho 20° => pot 
8\4n r 8 


«<. Force per unit length between them is E 


Refer to text on page 192. 


Now, let the direction of current in conductor b be 
reversed. The magnetic field B, at point P due to current 
1, flowing through a will be downwards. Similarly, the 
magnetic field B, at point Q due to current I, passing 
through b will also be downward as shown. The froce on 
a will be therefore towards the left. Also, the force on b 
will be towards the right. Hence, the two conductors 
will repel each other as shown. 


Equivalent magnetic moment of the coil, M = [Aa 
M = Ilbii 

where, fi = unit vector .L to the plane of the coil. 

^. Torque = M x B=Nb(ûÂ x B) =0 

As ft and B are parallel or anti-parallel to each other. 

Refer to text on pages 195. 


Increasing the current sensitivity may not necessarily 
increase the voltage sensitivity, because the current 
sensitivity increases with the increase of number of 
turns of the coil but the resistance of coil also increases 
which affect adversely on voltage sensitivity. 

Refer to text on page 196. 


The resistance of an ideal ammeter is zero or very low 
in practical condition, so to convert a galvanometer into 
ammeter its resistance needs to be decreased which can 


be done by connecting a low resistance in its parallel 
order. 
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21. 
22. 


24. 


ps moving coil galvanometer of range 1, and resistance 

can be converted into ammeter by connected very low 

resistance shunt in parallel with galvanometer. 

Refer to text on pages 194 and 195, 

(i) The galvanometer cannot be used to measure the 
current because 

(a) all the currents to be measured passes through 
coil and it gets damaged easily. 

its coil has considerable resistance because of 

length and it may affect original current. 

Current sensitivity of galvanometer depends on 

(a) the magnetic field 
(b) the value of torsional constant. 

(ii) It is necessary to introduce a cylindrical soft iron core 
inside the coil of a galvanometer because magnetic 
field is increased, so its sensitivity increases and 
magnetic field becomes radial. So, angle between the 
plane of coil and magnetic line of force is zero in all 
orientations of coil. 

According to the principle of working of a moving coil 

galvanometer, when a current carrying coil is placed in 

a magnetic field, it experiences a torque. 

A high resistance that is connected in series with the 

galvanometer to convert into voltmeter. The value of the 

d 


(b) 


, J 
resistance is given by, R= aa G 
£ 


where, V = potential difference across the terminals of the 
voltmeter, I, = current through the galvanometer and 
G = resistance of the galvanometer. 
When resistance R, is connected in’series with the 
galvanometer, then w 

R= 7 -Ñ R) 

£ 

When resistance R, is connected in series with the 


(ii) 


galvanometer, then R, = — -G 
2I, 
From Eqs. (i) and (ii), we get 
y 

—=R-R 

2J, 
andG = R - 28, 
The resistance R, required to convert the given 
galvanometer into voltmeter of range 0 to 2Y is given by 


2V 
R, = -G 
= R, =4(R, - R) - (R, - 2R,) 
=3R, - 2R; 


Gin terms of R, and R, is given by G = R, - 2R, 
For equilibrium balance, net torque should also be equal 


to zero.When the field is off, Z t = 0 considering the 


separation of each hung from mid-point be /. 
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“+ The magnetic force applied on CD by magnetic hey 
must balance the weight. 
se Mgl = Woon ¢ 
=> 500 gl = Won l > Weoit = 500 x 9.8 N 
ut mid-point, we have the 


Taking moment of force abo ; 
weight of coil. When the magnetic field is switched 


ON. 
Mgl+ mgl = Woo /+ IBLsin 90° = mgl = By 


if, Additional mass, 


BIL _0.2x 4.9X 1X 1077 
MEN | 9.8 
=10° kg =1g 


Thus, 1g of additional mass must be added to regain the 


balance. 
For principle and w 


Refer to text on pages 194 and 195. 
(i) Cylindrical soft iron core which not only makes the 
field radial but also increases the strength of the 


magnet. 
(ü) Radial magnetic field is a field in which coil of the 
Iways remains parallel to the field 


25. orking of galvanometer, 


galvanometer a 
even on large deflection. 

(iii) and (iv) refer to text on page 195. 
Current sensitivity does not depend upon resistance 
(R), whereas voltage sensitivity does, as evident from 
their expression. Current sensitivity can be increased 
by increasing the number of turns of the coil 
However, this increases the resistance of the coil 
since voltage sensitivity decreases with increase in 
the resistance of the coil the effect of increase in 
number of turns is nullified in the case of voltage 
sensitivity 

26. (i) Refer to text on pages 194 and 195. 

(ii) (a) Refer to Sol. 22 (ii). 

(b) Refer to Sol. 25 (iv). 


27. (i) A galvanometer of range I, and resistance G can be 
converted into 


(a) a voltmeter of range V, by connecting à high 
resistance R in series with galvanometer whose V? ue 
is given by 


y low 


(b) an ammeter of range I, by connecting a ver E 
ete: 


resistance (shunt) in 
i anom 
whose value is given orh rsh ae 
s= se 
l-l; 
(ii) Refer to text on page 192 


Thus, the nat 
’ ure of force i P 
When s attractive. 


i of fl is 
opposite direction, the ow of current nes 
repulsive, : nature of force bec 
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28. 


29. 


30. 


Here, I = 8 A,6 = 30°,B=0.15T, F =?, [=1m 
We know that, F = BII sin 0 


F ; 
7 = Bisin 8= 0.15 x 8 x sin30° 


= 0.15x8 x (1/2) =0.6N m7 
Mass of wire PQ, m= 2.5 g=2.5x 1072 ke 


Length of wire PQ, !=1m 

Current in wire PO and AC, I = 25A 

Let the wire PQ rises upto a height A. 

The magnetic field on wire PQ due to wire AC is B. 


By using the formula of magnetic field due to an infinite 
length of wire, 
4m r 4n h 
_ 107 x50_ 50x107 
h h 
The direction of magnetic field B on wire PQ is 
perpendicularly inwards to the plane of paper (by using 
Maxwell's right hand rule). 
Force on wire PQ, F = I (1 x B) 
[. angle between | and B is 90°] 
50x 107 


=> F=IIBsin90°= 25 x1 Ree x1 [From Eq.(i)] 
1 


(i) 


-7 . 
> F= mn vai) 
The wire will lift, if the weight of the wire is balanced 


by force due to wire AC. 


Le. F = mg 
-7 
ae 107 = 25x 1072 X98 [from Eq. (ii)] 
1250x 10°’ 


= ——__—___. =51.02x 10° tm 
25x 9.8 x 107 


=51.02x 10 *cm= 0.51 cm 
Thus, the wire PQ will rise upto a height of 0.51 cm. 


Here, the angle between the magnetic field and the 
direction of flow of current is 90°. Because the magnetic 
field due to a solenoid is along the axis of the solenoid 
and the wire is placed perpendicular to the axis. 


I 


Given, l =3 cm =3x10° m 


203 


[=10A,B=0.27T 
The magnitude of magnetic force on the wire, 
F = IlBsin90° 
=10x 3x 107 x 0.27 x sin90° 


=81x10°N 


According to right hand palm rule, the direction of 
magnetic force is perpendicular to plane of paper 
inwards. 
31. (i) Uniform magnetic field, 
B=1.5T 
Radius, r = 10.0 cm = 01 m 
Current in the wire, I =70 A 
The magnitude of force on the 
wire, 
F = I (1 x B) = IB sin 90° 
[7 angle between I and B is 90° and the length of wire 
is equal to the diameter of the cylindrical region] 
s. Force on the wire, 
F=Ix2rxB 
= 7x 2x 0.1x 15=2.1N 
According to Fleming’s left hand rule, the direction of 
force is vertically inwards to the plane of paper. 
(ii) Now, we take the component of length of wire. The 


horizontal component experiences no force as B is 
parallel to length. 


The vertical component, 

y = Diameter of the cylinder 

So, force F = JIB sin 90° 
=7X01X15X 2x1 
=21N 


According to the Fleming's left hand rule, the 
direction of force is perpendicularly inwards to the 
plane of paper. 


(iii) Let the wire be shifted by 6 cm and the position of 
wire is CD. 


OE = 6cm, OD = 10 cm, DE = EC = x 


In AODE, OD* = OE? + DE? 

=> 100 = 36 + DE? 

=> DE? =64 or DE =8cm 

and l’=CD=2DE = 16cm=0.16m 
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Magnitude of force, 
F’=1(1x B)=7 (0.16% 1.5x sin 90°) = 1.68 N 


oe to Fleming's left hand rule, the direction of 
orce is vertically downwards to the plane of the 


paper. 


32. For solenoid 


Given, length / = 60 cm, 

Radius = 4 cm 

Number of layers =3 

Number of tums in each layer = 300 


6A 8 


For wire 

Given, length, 1, = 2cm 

Mass, m = 2.5 g. current I, =6 A 
Let Ibe the current passing through the solenoid, so the 
magnetic field due to the solenoid. 


N 00 x 
B=p,nl se umber of turns _ 300 x 3 
length 0.6 
=4n x10" eens set ...(i) 
0.6 


Force on the wire, F=/,, (1,, x B)=J,, (4,B sin ®) 
[~ angle between lp and Bis 90°] 


This force balances by the weight of wire = mg 
x 1,1, B sin 90° = mg 


6 x 002 xI Z fas x107? x 9.8 
[from Eq. (i)] 


25x 107? x 9.8x 0.6 
108 x án x107” 


Current, J = = 108.36A 


8x10 °N ; refer to Example 4 on page 193. 
2x10”N; refer to Example 3 on page 192. 


. Force per unit length between the current carrying 


wires is given as 
F= Ho, 25,1, 
ån r 
where, J, = current in wire AB=12A 


J,= current in wire CD=5A 


and r = distance between wires = 1 mm=1x10 m 
21,1 
n Ho £ii? = mg 
4m r 


where, m= mass per unit length. 
;  2Xx12x5 
x p a 


x10? me 


=> 10 


LALLA 1 
= me” ixi 10 
m=1.2x 10° kg/m 
Current in CD should be in opposite direction to tha in 
AB. 


36. Refer to Example 5 on page 194. 
37. Given, N = 20, I =12A, B=080T, 
{=10cm = 10x10° m, 8 = 30° 


«Area, A= =(10% 1077)? =100 x 10m? 


t= NBIAsin@ 


As, 
t= 20 0.80 *12*100 x10" x sin30? 


=> 
= 9600x107’ =0.96N-m 


38. Here, N =30, R=8.0cm =8 x 10°? m, 
1=60A,0=60° and B =1.0T 
(i) The magnitude of the counter torque 
= magnitude of the deflecting torque 
= NAIBsin 9 = N-(1R*) IB sin @ 
= 30x 3.14x (8x 10° 7) x 6.0X 1.0 sin 60° 


= 3.14 N-m 
(ii) The answer would not change as area enclosed by the 
coil as well as all other particulars remain unaltered 
and the formula, t = NAIB sin 8 is true for planar coil 
for any shape. 
Given, number of turns, N = 20 


39. 
Radius of circular coil, r=10 cm = 0.1 m 
Magnitude of magnetic field, B = 0.1 T 
The angle between the area vector and magnetic field 
is 0°. . 
= 80 =0° 
Current in the coil, Z = 5.0 A 
(i) Torque on the coil, t= NIAB sin 0 
= 20 x 5x n (0.1) x0.1 X sin 0°= 0 
j [sin 0° =0] 

(ii) The forces on the planar loop are in pairs, i.e. the forces 
on two opposite sides are equal and opposite to each 
other and on the other two opposite sides, they “* 
same. Thus, the total force on the coil is zero. 


F3 


Fe F 


F4 
(e F, mi F, and F, =- F,) 
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(iii) Number density of electrons, N =10"/m° 
Area of cross-section of copper wire, A =10 m? 
The magnitude of magnetic force, F = e (v4 X B) 


=neAv, 
w=— > F =e-—_.Bsin 90° 
a neA NeA “i 
_ 01x5 E et 
DAS dat an = 
10° > x 10” ] 
=5x10 > 


40 Here, B=60G, A =2x10 4 m’, N =40 
1=4mA=4x10° A,0=16° 
sp pects => ee 
NBA (3 
_ 40x60x 2x107 f x4x10” 
ee 
=1.2x10 * N-m per degree 
41. Given, R, =10 Q, N, = 30, A\=3.6 x 10° *m’, 
B, = 0.25 T, R, =14 Q, N, = 42, 
A, =1.8X 10° °m°?, B, = 0.50 T 


k, =k, (spring constants are same) __ ...(i) 


A. NAB 
(i) Using the formula of current sensitivity, I = EE 


L, _N,B,A,k, _42X 0.50% 1.8x 10° ° 
b, NyBAjk, 30x 0.25% 3.6x 10° 
=14 [From Eq. (i)] 
(ii) Using the formula of voltage sensitivily, 
_ NAB 
KR 


42x 0.50% 1.8x 107x 10 
Tax 30x 0.25% 3.6% 10°” 
=] 
42. Refer to Example 9 on page 195. 


[from Eq. (i)] 
[Ans, 0.012) 
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43. Here, n=30,G=1002, E=3V, R= 2002,k =? 
Total resistance = G + R =100 + 200 = 300 2 
E 3 1 
Į], = —— = — = — 
£ G+R 300 100 
e A =- x10? A/div 
3 3 
k=tx107? x 10°pA/ div 
3 
Figure of merit (Restoring torque per unit twist) 
k = 3333 4A /div 
44. Given, resistance of galvanometer coil, G =12 Q 
Current in galvanometer, 


I, =3mA=3x10°A 
and potential difference, 
V=18V 


We can convert the galvanometer into voltmeter by 
using a large resistance R in series. The resistance can 
be calculated using the formula, 


= — 5 __12 = 50880 

3x10 ` 
This resistance (R = 5988 Q) is connected in series with 
the galvanometer. The resistance is connected in series 
because we have to increase the resistance of the 
galvanometer, so that almost no current flows through it 
and it gives an exact value of potential difference, 


lg 


SUMMARY 


Magnetic Field The space in the surroundings of a magnet 
or a current carrying conductor in which its magnetic 
influence can be experienced is called magnetic field. 


Oersted's Experiment HC Oersted by his experiment 
observed that a current carrying conductor deflects magnetic 
compass needle placed near it. 
Ampere’s Swimming Rule If a man is swimming along the 
wire in the direction of current with his face always turned 
towards the needle, so that the current enters through his 
feet and leaves at his head, then the N-pole of the magnetic 
needie will be detlected towards his left hand. 
Biot-Savart’s Law This law deals with the magnetic field 
induction at a point due to a small current element, i.e. 
Idisin® 


o 
2 


eability Electric permittivity (€o), the 
electric field with medium. 
the ability of a substance to acquire 


Permittivity and Perm 
degree of interaction of 
Magnetic permeability, 
magnetisation in a magnetic field. 
Right Hand Thumb Rule When the thumb of right hand is 
placed along the direction of current, the fingers curl around 
the conductor in the direction of magnetic field lines. 
Magnetic field at any point along the axis of circular current 
p i Hoa 

carrying conductoris B=—7—7 -2372 

— TREET y 


tic field at the centre of a circular current carrying 


Magne 
conductor/ coil i 
Ho 
B= 
2r 
Ampere's Circuital Law According to this law, the line 
c field B around any closed path in 


integral of the magneti 
vacuum is equal to Ho 


curve, 
i.e. fB xd1=Hol 
e of a Magnetic Field of a Straight Wire It is 


times the net current enclosed by the 


Magnitud 
r Ho 
b B= — 
given by er 
Solenoid Itis an insulated long wire closely wound in the 
form of a helix. 


n 


Magnetic Field due to Straight Solenoid At any point inside 

the solenoid, B = Hont , 2 

At points near the end of air closed solenoid, B = (ugnt/2). 

Charge ina Uniform Magnetic Field When 
a velocity (v)inside a uniform 


(q)moves with locit 
force acting on it is given by F =q(v xB). 


Charged Particle It is given by 
F =q (v xB). 


Force on Moving 
a charged particle 
magnetic field, then 
Magnetic Force Ona 


particle enters into a magnetic field 


When charged 
perpendicularly, then 
p OO =qvB ü r3 my iy T= 
ro qB qB 
22,2 
i = gB E= q B'r 
wry ~ 2nm WN 2m 


sum of the electric force and magnetic force 


Lorentz Force The 
article due to its electric 


that can be exerted on a charged p 
charge (q) is called Lorentz force- 
itis F =q (E+vxB) 

Force on a Current Carrying Conductor in a Uniform 
Magnetic Field Itis given by, F=JIBsin® 

Fleming's Left Hand Rule If the forefinger, middle finger and 
the thumb of the left hand are stretched mutually at right angles 
to one another such that the forefinger points In the direction of 
magnetic field, middle finger in the direction of current, then 
thumb will point in the direction of force on the conductor. 


Force between Two Parallel Current Carrying Conductors 
pa [uo 2 ll ] 


It is given by 
an r 


Torque Experienced by a Current Loop in a Uniform 
Magnetic Field It is given by t = B/ NAsin 8 


pte Coil Galvanometer It is an instrument which is based 
e act that when a current carrying coil is placed ina 
magnetic field, then it experiences a torque 


Ci 
ee etei e ae Magnetic Dipole The magnitude of 
circular loo % on the axis at a distance x from the centre ofa 
a p of radius A carrying a steady current / is 
8= HoR? 
2 (x? + REP 


Torqu i 
que on a bar magnet in a uniform magnetic field is 
t=MBsin0 =MxB 


| 
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CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 


{. Vector form of Biot-Savart’s law is 


Wa 1X 
dB= 

(a) i. 
Idixr 

(b) dB = —; 
r 

(o qp- to = 
T r 

(a) B=- Idixr 
4n r? 


. Apolygon shaped wire is inscribed in a circle of 
radius R. The magnetic induction at the centre 


of polygon, when current flows through the wire 


1S 


ea oe (=) 
2nR n 


m Beles (=) 
2mR n 


o E tan (Z) 
2mR 


(d) Hon! an (z) 
2mR n? 


- For a cylindrical conductor of radius a, which of 
the following graphs shows a correct 


relationship of B versus r? 
B B 


(a) (b) 


4. Which of the following represent a correct 


figure to display of magnetic field lines due to a 
solenoid? 


Cross-section of wires 


(a) as egee g 


Cross-section of wires 


h) ~2e e o Ar 


Cross-section of wires , 
Cross-section of wires 

Sooo 
w2 (2) 2 
— > E anas C EE a, 
e a 
nm e T nN < STs 
=~ 8 Y So 


5. Along solenoid has 20 turns cm. The current 
necessary to produce a magnetic field of 20 mT 
inside the solenoid is approximately 

(a) 1A (b) 2A (c) 4A (d) SA 


6. An electron is travelling horizontally towards 


East. A magnetic field in vertically downward 
direction exerts a force on the electron along 
(a) East (b) West (c) North (d) South 


7. Which of the following statements is correct? 
CBSE 2021 (Term-I) 

(a) Magnetic field lines do not form closed loops. 

(b) Magnetic field lines start from North pole and 
end at South pole of a magnet. 

(c) The tangent at a point on a magnetic field line 
represents the direction of the magnetic field at 
that point. 

(d) Two magnetic field lines may intersect each 
other. 


8. The magnetic field at the centre of a current 
carrying circular loop of radius R is B,. The 
magnetic field at a point on its axis ata 
distance R from the centre of the loop is B,, 


= {By Vs 
then the ratio B is 


2 CBSE 2021 (Term-I) 


(a) 2V2 (b) E (c) V2 (d) 2 


208 


9. 


10. 


11. 


13. 


aoe ean wire kept in a uniform 
nae ld wi lexperience a maximum 

» when it is CBSE 2021 (Term-!) 
(a) perpendicular to the magnetic field 
(b) parallel to the magnetic field 
(c) at an angle of 45° to the magnetic field 
(d) at an angle of 60° to the magnetic field 


Two wires carrying currents /, and J, lie, one 
slightly above the other, in a horizontal plane 
as shown in figure. The region of vertically 


upward strongest magnetic field is 
CBSE 2021 (Term-!) 


(a) I (b) II 

(c) (d) iV 

Two parallel conductors carrying current of 
4.0 A and 10.0 A are placed 2.5 cm apart in 
vacuum. The force per unit length between 
them is 

(a) 6.4 x 10°* N/m 
(c) 4.6 x 10° * N/m 
onducting rod of length / and mass 
ded in a horizontal plane by a pair 
of flexible strings in a magnetic field of 
magnitude B. To remove the tension in the 
supporting strings, the magnitude of the 
current in the wire is CBSE 2021 (Term-I) 


(b) 6.4% 107" N/m 
(d) 3.2 x 10° * N/m 


A straight c 
mis suspen 


seh py mE 
ae W 
() Os 


on and an alpha particle move in 
na uniform magnetic field. 
e in the ratio of 9:4. The ratio 


A prot 
circular orbits 1 
Their speeds ar 

i r 
of radii of their circular orbits —?_ lis 


alpha 


CBSE 2021 (Term-!) 


3 4 8 9 
@2 o Or OF 
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14. The SI unit of magnetic field intensity js 


CBSE SQP (Ter, 
(a) A-mN”! (b) NA“ m* h 
(c) NA m” (d) NA~' m”? 


15. The coil of a moving coil galvanometer js 
wound over a metal frame in order to 
[CBSE SQP (Term. 


(a) reduce hysteresis 

(b) increase sensitivity 

(c) increase moment of inertia 

(d) provide electromagnetic damping 


nitely long parallel straight current 
carrying wires A, B and C are kept at equal 
distance from each other as shown in the 
figure . The wire C experiences net force F 
_The net force on wire C, when the current in 
wire Ais reversed will be CBSE SQP (Term-) 


iit 


(b) F/2 
(d) 2F 


16. 


Three infi 


(a) zero 
(c) F 
In a hydrogen atom, the electron moves in an 
orbit of radius 0.5 A making 10 rps, the 
magnetic moment associated with the orbital 
motion of the electron will be 

CBSE SQP (Term-l) 
(b) 1.256 x 10-8 A-m* 


(d) zero 


17. 


(a) 2512x107” A-m” 
(c) 0.628 x10 A-m* 


The current sensitivity of a galvanometer 
increases by 20%. If its resistance also 
increases by 25%, then the voltage sensitivity 
will CBSE SQP (Term) 
(a) decreased by 1% (b) increased by 5% 

(c) increased by 10% (d) decreased by 4% 


Two wires of the same length are shaped into 4 
square of side a and a circle with radius”. 
they carry same current, the ratio of their 
magnetic moment is CBSE SQP (T erm! 
(a) 2:1 (b) 1:2 
ce) Bat (d) 4:n 

cat 


The wire which connects the battery of a 

> its starter motor carries current of 3004 

onal starting, Force per unit length 

a en wires (wires are 0.7 m long an 
015 m distant apart) is 


18. 


19. 


20. 


M 


21. 


22,” 


ping Charges and Magnetism 


(a) 1.2 Nw ' repulsive 
(b) 1.2 Nm ' attractive 
(c) 2.4 Nm! repulsive 
(d) 2.4. Nm" ' attractive 


For the voltmeter circuit given, 


i, G 
OTs 

I _R, +G 
Ops 
(I-I, )R, =1,(G+S) 
(d) IR, =1,G 


A current I flows through a long straight 
conductor which is bent into a circular loop of 
radius R in the middle as shown in the figure. 


The magnitude of the net magnetic field at 
point O will be CBSE 2020 (Term-I) 


(a) zero 
Hol 
b) hoe 
(b) R (1+ 7) 


(c) Hol 
4nR 


@te(i-+] 

2R n 

A current of 104A is flowing from east to west 
in a long straight wire kept on a horizontal 


table. The magnetic field developed at a. 


dist due north on the table is 
ance of 10 cm ICSE 2020) 


(a) 2x107° T, acting downwards 
(b) 2x107° T, acting upwards 
(c)4 x107 T, acting downwards 
(d)4 x107" T, acting upwards 


24. 


25. 


26. 


27. 
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An electron and a proton are moving along 
the same direction with the same kinetic 
energy. They enter a uniform magnetic field 
acting perpendicular to their velocities. The 
dependence of radius of their paths on their 


masses is CBSE 2020 
(a)r æm (b) r ym 

1 1 
(c) r = — (d) r = —= 

m vm 


Acurrent of 5 A is flowing from east to west in 
a long straight wire kept on a horizontal table. 
The magnetic field developed at a distance of 


10 cm due south on the table is CBSE 2020 
(a)1x 10°" T, acting downwards 
(b)1x10°° T, acting upwards 


l (c) 2x107 T acting downwards 


(d) 2x107" T, acting upwards 


There are uniform electric and magnetic fields 
in a region pointing along X-axis. An a-particle 
is projected along Y-axis with a velocity v. The 
shape of the trajectory will be CBSE 2020 
(a) circular in XZ-plane 

(b) circular in YZ-plane 

(c) helical with its axis parallel to X-axis 

(d) helical with its axis parallel to Y-axis 


The coil of a galvanometer consists of 100 turns 
and effective area of 1cm*. The restoring couple 
is 1078 Nm rad“!. The magnetic field between 
poles is of 5 T. Current sensitivity of this 
galvanometer is 


(a) 5X10" rad4tamp (b) 5x10° per amp 


(c) 2x107 peramp (d) Srad/p amp 


ASSERTION AND REASON 


Directions (Q. Nos. 28-33) Zn the following questions, two 
statements dre given- one labeled Assertion (A) and the other 
labelled Reason (R). Select the correct answer to these questions 


from the codes (a), (b), (0) and (d) as given below 


(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion, 

(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 

(c) Assertion is true but Reason is false. 

(d) Assertion is false but Reason is true. 
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Assertion If a proton and an o-particle enter a 
uniform magnetic field perpendicularly with 
the same speed, the time period of revolution of 
&-particle is double than that of proton. 

Reason Ina magnetic field, the period of 
revolution of a charged particle is directly 
proportional to the mass of the particle and 
inversely proportional to the charge of particle. 


29. Assertion The magnetic field produced by a 
current-carrying solenoid is independent of its 
length and cross-sectional area. 


Reason The magnetic field inside the solenoid is 
uniform. 


30. Assertion An electron anda proton enter a 
magnetic field with equal velocities, then the 
force experienced by the proton will be more 
than electron. 


Reason The mass of proton is 1837 times more 
than that of electron. 


31. Assertion A proton and an electron, with same 
momenta, enter in a magnetic field in a 
direction at right angles to the lines of the force. 
The radius of the paths followed by them will be 
same. 


Reason Electron has less mass than the proton. 
CBSE SQP (Term1) 


32. Assertion On increasing the current sensitivity 
of a galvanometer by increasing the number of 
turns, may not necessarily increase its voltage 
sensitivity. 

Reason The resistance of the coil of the 
galvanometer increases on increasing the 
number of turns. CBSE SQP (Term1) 


33. Assertion When radius of a current carrying 
loop is doubled, its magnetic moment becomes 
four times. 

Reason The magnetic moment of a current 


carrying loop is directly proportional to the 
area of the loop. CBSE 2021 (Term1) 


CASE BASED QUESTIONS 

Directions (Q.Nos. 34-35) These questions are case study 
based questions. Attempt any 4 sub-parts from each question, 
Each question carries 1 mark, 
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34. Electron Moving in Magnetic Field 


35. 


An electron with a speed v << € moves ina 
circle of radius ry in a uniform magnetic field, 


This electron is able to traverse a circular path 
as magnetic field is perpendicular to the 
velocity of the electron. The time required for 
one revolution of the electron is Ty. The speed 
of the electron is now doubled to 2v. 
(i) The radius of the circle will change to 
(a) 4r (b) 2r 
(c) r (d) r /2 
(ii) The time required for one revolution of the 
electron will change to 
(a) 4T, (b) 2T, f 
(c) To (d) To /2 
(iii) A charged particle is projected in a magnetic 
field B=(2i+4j)x107T. The acceleration of 
the particle is found to be a=(xi+2j)ms* | 
Find the value of x. | 
(a) 4 ms” (b) —4 ms ~ | 
(c) -2ms~* (d) 2 ms” | 
(iv) If the given electron has a velocity not 
perpendicular to B, then the trajectory of the 
electron is 
(a) straight line (b) circular 
(c) helical (d) zig-zag 
(v) If this electron of charge (e) is moving 
parallel to uniform magnetic field with 


|! 
e 
constant velocity v. The force acting on the | 
electron is | 


(a) Bev (b) Be 
Vv 


(c) ka 


y (d) zero 


Moving Coil Galvanometer 


Moving coil galvanometer Operates on 

eo Magnet Moving Coil (PMMC) 
echanism and was designed b jenti 
tist 

D’arsonval, J J 


Moving coil galvanometers are of two types 
(i) Suspended coil 
(ii) Pivoted coil type or tangent galvanometer. 


] a i ic 
ts working is based on the fact that when a 


curre 'ryi il i 
a is car rying coil is placed in a magnetic 
Mt experiences a torque 


Moving Charges and Magnetism 


This torque tends to rotate the coil about its 
axis of suspension in such a way that the 


magnetic flux passing through the coil is 
maximum. 


Scale 


pieces Uniform radial 


magnetic field 


(i) A moving coil 
instrument which 
(a) is used to measure emf 
(b) is used to measure potential difference 
(c) is used to measure resistance 
(d) is a deflection instrument which gives a 
deflection when a current flows through its 
coil 
(ii) To make the field radial in a moving coil 
galvanometer, 
(a) number of turns of coil is kept small 
(b) magnet is taken in the form of horse-shoe 
(c) poles are of very strong magnets 
(d) poles are cylindrically cut 
(iii) The deflection in a moving coil 
galvanometer is 
(a) directly proportional to torsional constant of 
spring 
(b) directly proportional to the number of turns 
in the coil 
(c) inversely proportional to the area of the coil 
(d) inversely proportional to the current in the 
coil 
(iv) In a moving coil galvanometer, having a coil 
of N-turns of area A and carrying current J is 
placed in a radial field of strength B. 
The torque acting on the coil is 
(a) NA°B’I (b) NABI 
(c) N? ABI (d) NABI 


galvanometer is an 
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(v) To increase the current sensitivity of a 
moving coil galvanometer, we should 
decrease 
(a) strength of magnet 
(b) torsional constant of spring 
(c) number of turns in coil 
(d) area of coil 


VERY SHORT ANSWER Type Questions 


36. 


37. 


38. 


39, 


41. 


42. 


43. 


45. 


State the rule that is used to find the direction 
of magnetic field at a point near a current 
carrying straight conductor. 


What will be the magnetic field at the centre of 
a circular coil carrying current, when the 
current through the coil is doubled and the 
radius of the coil is halved? 


What is the force:on a charge moving along the 
direction of the magnetic field? 


Name the force which is experienced by a 
moving charged particle in electric and 
magnetic field. 


. Under what condition does an electron moving 


through a magnetic field experience maximum 
force? 


Acharged particle moves through a magnetic 
field. Is the momentum of the particle affected? 


An electron beam projected along + X-axis 
experiences a force due to a magnetic field 
along the + Y-axis. What is the direction of the 
magnetic field? 


In a certain arrangement, a proton does not get 
deflected while passing through a magnetic 
field region. Under what condition is it 
possible? 


Write the expression for the force between 
parallel current carrying conductors, 


An electron with charge - e and mass mi travels 
at a speed vin a plane perpendicular to a 
magnetic field of magnitude B. The electron 
follows a circular path of radius R. Ina timet, 
the electron travels half-way around the circle. 
What is the amount of work done by the 
magnetic field? 
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af. 


48. 


49. 


50. 


51. 


A solenoid with n loops of wire tightly wrapped 
around an iron core is carrying an clectric 
current J. If the current through this solenoid is 
reduced to half, then what change would you 
expect in inductance L of the solenoid.? 


A proton is accelerated through a potential 
difference V, subjected to a uniform magnetic 
field acting normal to the velocity of the proton. 
If the potential difference is doubled, how will 
the radius of the circular path described by the 
proton in the magnetic field change ? CBSE 2019 


Write the relation for the force acting ona 
charged particle g moving with velocity v in the 
presence of a magnetic field B. CBSE 2019 


When a charge q is moving in the presence of 
electric (E) and magnetic (B) fields which are 
perpendicular to each other and also 
perpendicular to the velocity v of the particle, 
write the relation expressing vin terms of E 
and B. CBSE 2019 


Define the term current sensitivity of a moving 
coil galvanometer. CBSE 2020 


An electron moves along + x direction. It enters 
into a region of uniform magnetic field B 


` directed along — z direction as shown in figure. 


52. 


Draw the shape of trajectory followed by the 
electron after entering the field. CBSE 2020 


y 


A square shaped current A 
carrying loop MNOP is i 

placed near a straight long ' 
current carrying wire AB | 
as shown in the figure. The 

wire and the loop lie in the | 
same plane. If the loop P a 

experiences a net force F B 

towards the wire, find the 

magnitude of the force on the side NO of the 


loop. CBSE 2020 
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SHORT ANSWER Type Questions 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


A deuteron and an alpha particle having Same 
momentum are in turn allowed to pass through 
a magnetic field B, acting normal to the 
direction of motion of the particles. Calculate 
the ratio of the radii of the circular paths 


described by them. CBSE 2019 


A charged particle q is moving in the presence 
of a magnetic field B which is inclined to an 
angle 30° with the direction of the motion Of the 
particle. Draw the trajectory followed by the 
particle in the presence of the field and explain 


how the particle describes this path. CBSE 2019 


Ana-particle and a proton of the same kinetic 
energy are in turn allowed to pass through a 
magnetic field B, acting normal to the direction 
of motion of the particles. Calculate the ratio of 
radii of the circular paths described by them. 


CBSE 2019 


Two similar coils are placed mutually 
perpendicular such that their centres coincide. 
At centre, what will be the ratio of the 
magnitudes of magnetic fields due to one coil 
and the resultant magnetic field? 


In what way, current carrying solenoid behaves 
like a bar magnet. Find the magnetic field 
induction at the axis of solenoid due to current 


flowing through it. 


What is Lorentz force? Give some important 
characteristics of this force. 


Equal currents are flowing through two 
infinitely long parallel wires in the same 


_ direction. What will be the magnetic field at a 


60. 


61. 


62. 


oint mid- ; 
point mid-way between the two wires? 


De —— 
duce an expression for the torque ona 


current carryin ; . 
z 8 loop suspended in a uniform 
Magnetic field, k 


Ina moving coil g 
N turns of area A 
placed in a radial 


alvanometer having a coil of 
ma carrying current / and i 
ield of stre twil 

aT ngth B. Wha 

€ torque acting on the coil? 

Is it Possible to q 


l ecr i 
Of given Voltmet ease or increase the range 


er? Explain. ° 
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LONG ANSWER Type I Questions 


63. 


6t. 


65. 


66. 


68. 


Using Ampere's circuital law, find an expression 
for the magnetic field at a point situated at a 
normal distance R from an infinitely long 
current carrying straight wire. 


What is the force that a conductor of length dl 
carrying a current J experiences, when placed in 


a magnetic field B? What is the direction of this 
force? 


An electron being accelerated through a 
potential difference of V enters a uniform 
magnetic field of B perpendicular to the 
direction of motion. Find the radius of path 
described by the electron. 


(a) Derive the expression for the torque acting 


on a current carrying loop placed in a 
magnetic field. 


(b) Explain the significance of a radial magnetic 
field when a currrent carrying coil is kept in 
it. _ CBSE 2019 

(a) State the underlying principle of a moving 
coil galvanometer. 

(b) Give two reasons to explain why a 


galvanometer cannot as such be used to. 


measure the value of the current in a given 
circuit. 
(c) Define the terms (i) voltage sensitivity and 
(ii) current sensitivity ofa galvanometer. 
CBSE 2019 


Two infinitely long straight wires A, and A, 


carrying currents I and 2/ flowing in the same 
directions are kept d distance apart. Where 
should a third straight wire A, carrying current 
15 I be placed between A, and A), SO that it 
experiences no net force due to A, and A,? Does 
the net force acting on A, depend on the 
current flowing through it? 


LONG ANSWER Type II Questions 


69, 


Three wires of equal lengths are bent into the 
form of three loops. One of the loops is 
Square-shaped, second loop is 
triangular-shaped and third loop is circular. 
These are suspended in a uniform magnetic 
field and the same current is passed through 
them. Which loop will experience greater 
torque? Give reasons. 


70. 


71. 


72. 
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Arectangular current carrying loop of length a 
and breadth b is shown in the figure. Find the 
magnetic field at the centre of the loop. 


Two straight infinitely long wires are fixed in 
space, so that the current in the left wire is 2 A 
and directed out of the plane of the page and 
the current in the right wire is 3 A and directed 
into the plane of the page. In which region(s) 


is/are there a point on the X-axis, at which the 
magnetic field is equal to zero due to these 
currents carrying wires? CBSE SQP (Term-]) 
Justify your answer. 


Region | | Region Il ' Region Ill 
) t 
OMX 
| 2A ISA 


(a) Show that a current carrying solenoid 
behaves like a small bar magnet. Obtain the - 
expression for the magnetic field at an 
external point lying on its axis. 

(b) A steady current of 2A flows through a 
circular coil having 5 turns of radius 7 cm. 


The coil lies in xy-plane with its centre at the 
origin. Find the magnitude and direction of 
the magnetic dipole moment of the coil. 
CBSE 2020 
Or 
(a) Derive the expression for the force acting 
between two long parallel current carrying 
conductors. Hence, define LA current. 
(b) A bar magnet of dipole moment 3 Am? rests 
with its centre on a frictionless pivot. A force 
F is applied at right angles to the axis of the 
magnet, 10 cm from the pivot. It is observed 
that an external magnetic field of 0.25 T is 
required to hold the magnet in equilibrium 
at an angle of 30° with the field. Calculated 
the value of F. How will the equilibrium be 
effected if F is withdrawn? CBSE 2020 
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78. The coil of galvanometer consists of 100 turns 
and effective area of lcm’. The restoring coup}, 
is 10-8 N-m/rad. The magnetic field between 
poles is of 5T. What will be the current 
sensitivity of galvanometer? 
The current sensitivity of a MCG increases by 
20% when its resistance is increased by a factor 
of 2. Calculate by what factor the voltage 
sensitivity changes? 
A galvanometer with a coil of resistance 12.09 
shows full scale deflection for a current of 25 
mA. How will you convert this meter into 
(i) an ammeter of range O to 7.5 A? 
(ii) a voltmeter of range O to 10 V? Determine 
the net resistance of the meter in each case 
b) When an ammeter is put in a circuit, does it 
read lessor more than the actual current in 
the original circuit? When a voltmeter is put 
across a part of the circuit, does it read less 


NUMERICAL PROBLEMS 


73% A copper coil of 100 turns, radius 8x10 m 
Satrhes a current of 0.40 A. What will be the 
magnitude of magnetic field at the centre 
of coil ? 79 


74. 


A straight wire carrying a current of 12 A is bent 
into a semi-circular arc of radius 2.0 cm as 
shown in Fig. (a). Consider the magnetic field B 
at the centre of the arc. 


a oe 


(a) 


80. 


(i) What is the magnetic field due to the 


75. Aclosely wound solenoid 0.80 m long has 5 

layers of windings of 400 turns each. The voltmeter of range 0-1 V? 

diameter of the solenoid is 1.8 x 107°m. If the 

current carried is 0.8A, what will be the 

magnitude of field near the centre? 
76. Abeam of protons passes undeflected with a ANS Vý ERS 

‘horizontal velocity v, through a region of 

electric and magnetic fields, mutually 1 

perpendicular to each other and normal to the +, 2., (c) 3. (c) 4. (c) 5. (d) 

direction of beam. If the magnitudes of electric 6. (d) 7 

and magnetic fields are 100 kV/m and 50 mT ŒO 8 @ 9 10. b 

respectively, calculate the 11. (d) 12. (c) 13. (d) 14. (b) 15. (d) 

(i) velocity of the beam and 16, (a) 17. 4 

(ii) force with which it strikes the target on a Œ 18. (d) 19. (e) 20. (a) 

screen, if the proton beam current is equal 21. (c) 
’ 1e magnetic field d ; r 

77. Two concentric circular wire loops of radii 20 at Ois given by pgto the long straight conducto 

cm and 30 cm are located in an XY-plane, each Lol 

carries a clockwise current of 7 A. 1 ORR 

i) Find the magnitude of the net magnetic and that due to circul l i i 
; dipole moment of the system. ia ech e Ris, 
(ii) Repeat for reversed current in the inner B, = mm ° 


straight segments? 

(ii) In what way the contribution to B from the 
semi-circle differs from that of a circular 
loop and in what way does it resemble? 

(iii) Would your answer be different, if the wire 
was bent into a semi-circular arc of the same 
radius but in the opposite way as shown in 
Fig. (b)? 


loop. 


or more than the required voltage drop? 
__ Explain. 

81. A galvanometer having 30 divisions has a 
current sensitivity of 20 uA/ div. It has a 
resistance of 25 Q. 

(i) How will you convert it into an ammeter of 
range 0-1 A? 
(ii) How will you convert this ammeter into a 


As, 
B, > B 


poing Charges and Magnetism 


+. The magnitude of net magnetic field at point O is 


Mol Hol pHo 1 
= B, - B. = —- oe aor, ft 
Byer 1 2R R 2R ( -) e 
93. (2) Refer to example-1 given on Page-179 


94. (Ñ Since. the angle between their velocities and uniform 


mignetic field is 90°. So, the path followed by them will 
be circular in nature. 


The radius of circular path followed by charged particle 
ina uniform magnetic field, 


Lane = J 2mK 
qB qB 


As kinetic energy K is same, sor œ Vm. 
95. (b) The situation is as shown, 


5A 
West East 


10cm 


Magnetic field due to long straight wire is 


pale! 
amr 
Here, I =5A and r =10 cm = 01 m 
-7 
TM 
27 x01 


The direction of magnetic field is given by right hand 
thumb rule. So, the direction of magnetic field of point 10 
cm is upward due south on the table. 


26. (a) The net force acting on o-particle is given by 
F =q4[E + (v x B)] 


The direction of E, v and B are shown as, 


y 


Se 


—E 


—B 
Z 


F=q[E + (x Bi)] 
=q [Ei + vB(- k)) 


So, the shape of trajectory will be circular in 
xz- plane. 


27. (6) 28, (a) ~ 29. (b) 30. (d) 

SL (b) 32.a)  33.(a) 

34. OAs r- apran 
a qB qB 


(ii) (c) As, T 222 
qB 
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Thus, it remains same as it is independent of velocity. 
(iii)(b) As, F L B 


Hence, a .L B 

3 a:B=0 

=> (xi +2])-(2i+4]) =0 
2x+8=0 

=> x=-4ms~ 


(iv) (c) If the charged: particle has a velocity not 
perpendicular to B, then component of velocity along 
B remains unchanged as the motion along the B will 
not be affected by B. 
Then, the motion of the particle in a plane 
perpendicular to B is as before circular one. Thereby, 
producing helical motion. 

(v). (d) The force on electron, F = qv B sin® 
The electron is moving parallel to the B, so 6 = 0°. 
= F =qvBsin0°=0 

35. (i) (d A moving coil galvanometer is a sensitive 

instrument which is used to measure a deflection 
when a current flows through its coil. 

(ii) (d) Uniform field is made radial by cutting pole pieces 
cylindrically. 

(iii) (b) The deflection in a moving coil galvanometer, 


uaa or ġœ N, where N is number of turns 


in a coil, B is magnetic field and A is area of 
__ cross-section. 
(iv) (d) The deflecting torque acting on the coil, 
Tdellection = NIAB 
(v) (b) Current sensitivity of galvanometer 
(o) NBA 
+=5,=— 
I k 
Hence, to increase (current sensitivity) S,, (torsional 
constant of spring) k must be decreased. 

36. Right hand thumb rule states that, if we imagine a linear 
wire conductor to be need in the grip of the right hand 
such that the thumb points in the direction of current, 
then the curvature of the fingers around the conductor 
will give the direction of magnetic field lines. 


37. Magnetic field at the centre of the coil is given by 


B= Bal 
2R 
, pl o(2l) 
B' = —~——_ = 4B 
2 R/ 2) 
38. Force on a moving charge in magnetic field is given as, 
F = qvBsin® 
Here, 0=0° > F=0 


39. Lorentz force 

40. Magnetic forec, F = q(v x B) = qvB sin® 
Maximum force, F nay = qvB 
When, sin® = | or 8 = 90° 


41. No, its momentum does not get affected. 


46. 


47. 


50. 


5L 


Seton of magnetic field is in Z-axis direction. 
When it is along the magnetic field. 
Force between the parallel current carrying.conductors 
is F = Ho 2h], 

4m r 
When a charged particle move in a plane, perpendicular 
to the direction of magnetic field, then a magnetic force 
acts on it. The direction of this force is perpendicular to 
the velocity of the charged particle. 


So, no work is done, i.e. work done is zero. 
The inductance (L) of a solenoid does not depend on the 


current flowing through it, but depends on the magnetic 
field and permeability of material of iron core. So, on 
reducing the current to half, the L remains same. 


The kinetic energy of proton due to potential V is given by 
K=eV 

where, e = charge on proton. 

The radius of circular path of proton in a magnetic field is 

_ V2meV 

qB B 

If potential is doubled, i.e. V’ = 2V, then 


r= y 2me x 2V bs Jar 
qB 


Thus, radius becomes V2 times of previous value. 
When a charged particle q moves with velocity v in a 
uniform magnetic field B, then the force acting on it is 


given by 


$ 
i 


r= 


Fiorentz = F sectric +F magnetic 
=gE +q (v x B)=4[E + (v x B)] 
Current sensitivity of the galvanometer is the deflection 
per unit current flowing through it. 
@ NAB 
It is given as, Ic ar 


where, R is the restoring torque.per unit twist of 


phosphor bronze strip. 
The magnetic force acting on the electron is given as, 


F=e(v x B)= evBsin® | 
If the electron moves along + x direction and Bis 
directed along —2 direction, then 8 = 90°. 

=> F =evB 

So, the trajectory followed by the electron after entering 
the field will be circular as shown below 


| AllZwone | PHYSICS Class 1 


52. The given loop can be shown below as 


—_L—— N 


M ib | 
L 
h l 
j O 
|]L> 


The force acting on the arms MN and PO of the given 
loop are equal, mutually opposite and collinear. Hence, 
they balance each other. 
Force on arm PM, 

_ Hol lL 

! an 
= Hols" gttractive in nature... (i) 
T 


Force on arm NO, 
— Hol IL 
2 ‘2n(2L) 


= Holle repulsive in nature ... (i 
4m 


From Eqs. (i) and (ii), we get 
Frat =F=F, zip, = Holle Hohi 
2n 4n 


LI bot 9 3 
= per, attractive in nature ...(iii) 
n 


So, from Eqs. (ii) and (iii), we can conclude that the 
magnitude of the force on side NO of the loop is 


F= (Heist 
4n 


53. Mass on deuteron, my = 2m 


when the net force F is towards the wire. 


Charge on deuteron, qu = e 

Mass on @-particle, m, =4m 

Charge on a-particle, qu = 2e 

The radius of circular path is given by 


[momentum is same) 


` re— 
qB 

So u -fla _ 2 _ 2 

ergy). e 1 


or th, = 2:1 
54. When an charged particle q enters a uniform magnetic 


ae an angle of 30°, then its path becomes helix 0 


r= mv sin 30° mu 
eB 2eB 


yaad rt 
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rer diagram and discription Refer 


to text on pages 
1s} and 182 (Force on a Moving Char ce 


ge in a Uniform 


Magnetic Field) 
55. Rekr to sol. hi Example 4 on page 182. 
1 1 £ t 


tb = -= =-= 
56 RY Taaa? V2 


57. Refer to text on pages 180 and 181. 
58. Refer to text on page 183. 

59. Zero 

G0. Refer to text on pages 193 and 194. . E 
Gl. Refer to text on pages 194 and 195. E eNA 
62. Refer to text on page 196. 

63. Refer to text on pages 179 and 180. 
64. Refer to text on page 191. 


EE t 


65. K= mv? =eV 


qB eB eB? 


66. (a) Refer to text on pages 193 and 194 


(Torque Experienced by a Current Loop in Uniform 
Magnetic Field). 


(b) In a radial magnetic field, the magnetic torque 
remains maximum for all positions of the coils. 


67. (a) Refer to text on page 194 [Moving Coil Galvanometer 
(Principle)}. 
(b) Refer to page 195, 
(c) Refer to text on page 195 
(Working of Moving Coil Galvanometer) ` 
68, Let the current in the third wire Ag, be in same direction 


as that of A,and A,, so it will experience attractive force 
due to both. 


Ho IX15IX l 
2n x 
where, / = unit length of conductor wire A, 

and x = distance between A, and A,.’ 


Similarly, force on A, due to A; is 
Ho 151 x 2x! 


an (d-x) 
According to question, Fs, = Fsz 
ot Ho 151°! po SIT Bees 


The force on A, due to A, is F}, = 


Fy) = 


69. 


70. 


71, 
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d 
= w eee 


Yes, the net force acting on A, apend on the current 
flowing through it. 

For magnetic moment refer Q. 17 on page 198, 

Now, apply the formula, t = MB | 

Square will experience maximum torque. 

Refer to Example.2 on page 170. 


[ane B= 


Let d be the distance between two current carrying 
wires, then the magnetic field in the region I at a point P 
at a distance x can be calculated using figure given 
below. 


2u Iva’ +b? 
tab 


P 2A" 3A 
Due to 2A, B, = Ho XT, „Po x2 , downward 
my 2mx 
Due to 3A, B, = Pom ly -url upward 
2n (x+d) 2n(x+d) 


-Net magnetic field, Bp = — K - 


=) downward 
2n d 


X, Xit 


.(ì) 


The magnetic field in region I is 


Due to 2A, B, =z Ho M2 
2mx 


Due to 3A, B, = E LER upward 
2n (d — x) 


x d- 


The magnetic field in region IM is 


. Net magnetic field, Bp = = (2 + 
T 


x 
Due to 2A, B, = ae ea 


, Upward 
2n(x +d) 


Due to 3A, B, = Hox à downward 
and 


3 
' Net magnetic field, Bp = = G 5 a 


As, the current and hence the magnetic field, due to 2A is 
less than that due to 3A. 


} downward 
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So, for zero magnetic field, 49 (2 at ) =0 
2n \x x+d 
= 2x + 2d =3x or x = 2d 
So, the point lies in region I. 
72. (a) Refer to text pages 180 and 181. 
(b) Given, I = 2A and N =5 
and r =7 cm = 0.07 m 
Magnetic dipole moment of a coil, 
M =NIA =5x 2x n (0.07) = 0154 Am? 
The direction of magnetic dipole moment is 
perpendicular to the plane of coil, i.e. it is along Z-axis. 
Or | 
(a) Refer to text on page 192. 
(b) Given, M =3Am?, d =10 cm =01 m 
B=0.25 T and @ = 30° 
The torque acting on the bar magnet, 
t= MBsin 6n=MxB 


Also, t= F-d=F-d=MBsin9 
MBsin@ 3x0.25xsin 30° 
=> F = — = — 
d 01 
= an =375N 
2x01 


If F is withdrawn from the bar magnet, then it will 
rotate, due to the torque (T) and align itself along the 
field direction. 


73. Refer to Example 3 on page 171. 
[Ans. B= ee =31x10™T] 
r 


74. (i) Zero, magnetic field due to a semi-circular wire at its 
centre is half of magnetic field due to a circular loop, 


(ii) Now, refer to text on page 170. 


- 
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Hol x 37.68X10T 


= 


Bemi -circle 4r | 
(iii) The magnitude of the magnetic field remains same 
but the direction will be opposite. 
page 181. 


to Example 3 on 
75. Refer to P [Ans. B = [onl =2.5x1977) 


76. For undeflected beam, v= J 


(i) 2x10° m/s z 
(ii) F =Q(E +v x B) = 1.675x10 N 
77. (i) M=N,1,4, ® 
M, = NjI,A, ® 
*.M= M, +M; = 286 A-m 


N 20 cm 


30 cm 


(ii) M =|M, — M,|=110 A-m? 
-4 
78. Current sensitivity, I >= sae =p EIR 
10° 
=5x10°A™! 
79. Refer to Example 8 on page 195. 
[Ans. Decreased by a factor 0.4] 


80. Refer to Example 9 and 10 on pages 195 and 196. 


[Ans. (i) Resistance of ammeter 4 x 107°Q 
(ii) Resistance of voltmeter = 4000 Q 


81. Refer to Exam 
xample 9 on pages 195 and 
[Ans. (i) Shunt = 08150 i 


(ii) Resistance in Series 0.985Q 


An 
ph 


ore, is called magnetism, 


MAGNETISM AND 
MATTER 


[TOPIC 1| | 
Bar Magnet and Magnetic Dipole 


A magnet is a material or an object that produces a magnetic field. The 
magnetic field is invisible but is responsible for most notable property of a 
magnet, 
Magnets are of two types 

(i) Natural magnets (ii) Artificial magnets 


Natural magnets are generally irregular in shape and weak in strength. On the 
other hand, artificial magnets have desired shape and desired strength. A bar 


magnet, a horse shoe magnet, compass needle, etc., all are the examples of 
artificial magnets. 


Some commonly known ideas about magnetism are given below 


(i) The earth behaves as a magnet with the magnetic field pointing 
approximately from the geographic South to North, 

(ii) When a bar magnet is suspended freely, it points in the ee 
direction. The tip of the magnet which points to the genpraphic Se 
is called the North pole and the tip which points to the geographic 
South is called the South pole of the magnet. 

(iii) There is a repulsive force, when North poles (or South polei a E 
magnets are brought close together. Conversely, ra is v Lise i 
force between the North pole of one magnet and the South p 


other, 


aturally occurring ore of iron, magnetite attracts small pieces of iron towards it. aE 
Chomenon of attraction of small bits of iron, steel, cobalt, nickel, etc., towards the 


% CHAPTER CHECKLIST 

e Bar Magnet and Magnetic 
Dipole 

e Magnetic Properties of 

Materials 
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(iv) lr is Possible to make m 


alloys. Ww : 
ys. Whe R S 
Na picce ofa substance, such as soft iron, 


steel, coba +]. : 
ins alt, nickel, etc., is placed near a magnet, it 
quires magnetism, 


THE BAR MAGNET 


The b : 

ee peice has two poles similar to the positive and 

ae ea arges of an electric dipole. One pole is 

(S) ly as North pole (N) and the other as South pole 
. en a bar Magnet is suspended freely, these poles 

point approximately towards the geographic North and 

South poles, respectively. 

Like magnetic poles repel each other and unlike magnetic 

poles attract each other. If a bar magnet is dropped into a 

pile of iron-filings, then the maximum amount of filings get 


deposited near the ends of the magnet and almost nil in the 
middle. 


agnets out of iron and its 


The pattern suggests that attraction is maximum at the two 
ends of the bar magnet. These ends are called poles of the 
magnet. The poles of a magnet can never be separated. 


Magnetic Length of a Bar Magnet 


The distance berween two poles of a bar magnet is known as 
magnetic length of a magnet. Its direction is from S-pole of 
the magnet to N-pole and is represented by 2/. It is 
sometimes also known as effective length (Z,) of the magnet 


and is less than its geometric length (Z, ). 


> 
For a bar magnet, L, = (?) L,: 


b——— Lo ——1 
f Lg 


Bar magnet 


: i ic dipole of 
AMPLE |1| Consider a short magnetic dip 
alas length 20 cm. Find its geometric length. 


i : i i me 
Sol. Geometric length of a magnet is = limes its magnetic 
length. 
é 20 
+ Geometric length = A x 


= 24 cm 
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; i net of length 4L is bent 
à PLE |2] A thin bar mag benta 
p so that the angle ca t them is 60° 
Find the new length of the bar magne à “thet 
Sol. On bending the bar magnet, the length of the bar 


magnet, ai em 
AC = AO+ OC = 2Lsin (E) 2Lsin : 


1 
= 4Lsin30°= 41 x > = 2L 


B 
AN 


J C 
A O 


The Non-existance of Magnetic Monopole 


We cannot isolate the North or South pole of a magnet, i.e 
magnetic poles exist in pairs. Ifa bar magnet is broken into 
two halves, we get two similar bar magnets with somewhat 
weaker properties. Unlike electric charges, isolated 
magnetic North and South poles are known as magnetic 
monopoles which do not exist. 


E 5] 


If a bar magnet is broken, each piece 
behaves as a small magnet 


Pole Strength 


It is defined as the strength of a magnetic pole to annet 
magnetic materials towards itself. It is a scalar quantity and 
its SI unit is ampere-metre (A-m). The strength of N and 
S-pole ofa magnet is conventionally represented by + mand 
~ My respectively, It depends on the nature of material af 
area of cross-section of the magnet. l 


Strength of N ; ` 

and S-pole of ; : and 
a magnet is always equal an 
opposite (+m and — m). 5 always eq 


Force between Tw 


The force of 
of : ; 
magnetic poles repulsion F between ° 
. ra 
distance ris d and m se arated by 
Is Ta A 2 pare 
directly Proportional to the product of po 


Strengths and j 

inversely pr . 
i n oportiona A of t 

distance between their Kahiin i al to the square 

> LE, 


F o Mtn a 
Jo or F=” 
r = 


r 


o Magnetic Poles 


attraction or 


where, Ki i 
» Kis magnetic force constant 


Magnetism and Matter 


In SI unit, 


-_ Ho vs 
ý a 7 WbA ina! 


where, Hlo is absolute magnetic permeability of free space 


(air/vacuum). 
F= Ho mym, 
Sn =O 


This is called Coulomb’s law of magnetic force, SI unit of 
magnetic pole strength is ampere-metre. 

Suppose m, =m,= m (say), r=1m 

and F=107N 


From Eq. (i), we have 
107 =i07 x 


or m?>=1 or m=+1lA-m 


Therefore, strength of a magnetic pole is said to be 
one ampere-metre, if it repels an equal and similar pole, 
when placed in vacuum (or air) at a distance of one metre 
from it, with a force of 107’ N. 


EXAMPLE |3] Two poles one of which is 5 times as 

strong as the other, exert on each other a force equal to 

0.8x 107° kg-wt, when placed 10 cm apart in air. Find the 

strength of each pole. 

SoL Let mand 5m be the pole strength of the two poles. 
Here, F =0.8x10kg-wt = 0.810 x9.8N, 


r=10cm=0.1m 


107 xmx5m 
(0.1)? 


=> m=12.52 A-m 
and 5m =5xX1252 A-m = 62,6 A-m 


=0.8x 107° x 9.8 = 


EXAMPLE |4| Two identical magnets with a length 
100 cm are arranged freely with their like poles facing in a 
vertical glass tube. The upper magnet hangs in air above the 
lower one so that the distance between the nearest poles of 
the magnet is 3 mm. If the pole strength of the pole of 
these magnets is 6.64 A-m, then determine the force 
etween the two magnets. 
Sol. Given, pole strength, m = 6.64 A-m 
r =3mm =3x10”m 
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papiy mm: 


Since, force, 7 
4n r 
2 
p= Boy [-m, =m, =m] 
r 


Bo, (664) 
An (3x10°)* 
i nxi 408% 
4n 9x10 
=049N 


MAGNETIC DIPOLE 


A magnetic dipole is an arrangement of two magnetic poles 
of equal and opposite strengths (—m, + m) separated by a 
small distance. e.g. A bar inagnet, a compass needle, etc., are 
magnetic dipoles. 

The two poles of a magnetic dipole (or a magnet), called 
North pole and South pole, are always of equal strength and 
of opposite nature. Further, such two magnetic poles always 
exist in pair. 


=10°' x43988 


Magnetic Dipole Moment 
It is the product of the strength of either pole and the 
magnetic length of the magnet. It is represented by M. 

-m _ M— +m 


S N 
r——— 21 —— 


The direction of magnetic dipole moment is same as that of 


21. Therefore, 
M = m(2)) 


SI unit of magnetic dipole moment is ampere-metre* 
2 
(A-m^) 


EXAMPLE |5| A magnetic wire of dipole moment 
4n A-m* is bent in the form of semicircle. Find the new 
magnetic moment. 
Sol. If length of wire is 2! , then magnetic moment 
M=mx2l=4n A-m* [given] 
As wire is bent in the form of semicircle, effective 
distance between the ends is 2r. 


So, new dipole moment 


, 2l 2 
M’'=mX?2r= mx 2x — = —(m xX 2l) [s 
n 


Tr = 2] 
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EXAMPLE 16] The len 

and its magneti 

L with two sid 

moment? 

Sol. ifm is stren 
M=mxi 


gth of a magnetised steel wire is | 
€ moment is M. It is bent into the shape of 
€s equal. What will be the new magnetic 


gth of each pole, then magnetic moment 


When the wire is bent into L shape, 
effective distance between the poles _ 


( j a m WB 
= —~| +]/-] =—~ 
2 (3) J2 
oi 2 
<~ New magnetic moment, 
> l M 
M'=mx— = m will remain unchanged 
ee ee Ay 


Magnetic Field Lines 


The magnetic field lines are a visual and intuitive realisation 
of the magnetic field. The magnetic field lines in a magnetic 
field are those imaginary lines which continuously represent 
the direction of the magnetic field. The tangent drawn at 
any point on magnetic field line shows the direction of 
magnetic field at that point. i 


Properties of Magnetic Field Lines 
Important properties of magnetic field lines are given below 
(i) The magnetic field lines of a magnet (or a solenoid) 
form continuous closed loops. This is unlike the 
electric dipole, where these field lines begin from a 
positive charge and end on the negative charge or 
escape to infinity. 
(ii) The tangent to the field line at a given point 
represents the direction of the net magnetic field B at 
thar point. 


The field lines of (a) a bar magnet, (b) a current carrying finite 
solenoid and (c) an electric dipole. At large distances, their field 
lines are very similar. The curves labelled (i) and (ii) are closed to 


Gaussian surfaces. 
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r of field lines crossing per Unit 


iii) T numbe 
ii) The larger the l | 
(iii) £ he magnitude of the magne 


arca, the stronger is t 
field B. . as 

(iv) The magnetic ficld lines do aor ie gi í if th 
did, the direction of the magnetic field would not p, 
unique at the point of intersection. 


MAGNETIC FIELD STRENGTH AT 4 
POINT DUE TO A BAR MAGNET 


The strength of magnetic field at any point is defined as, the 
force experienced by a hypothetical unit North pole placed 
at that point. It is a vector quantity. The direction of 
magnetic field B is the direction along which hypothetical 
unit North pole would tend to move, if free to do so. 
We have used the word hypothetical unit North pole in the 
above discussion because an isolated magnetic pole does not 
exist. 


When. Point Lies on Axial Line 
of a Bar Magnet 


Let 2/ be the magnetic length of a bar magnet with centre0. 
The magnetic dipole moment of the magnet is M, where 
M =m X 21, OP = d, is the distance of the point P on the 
axial line from the centre of the magnet. If 7 is the strength 
of each pole, then magnetic field strength at P due to 
N-pole of magnet is given by 


S N À 
+- AoA TOPO = 1 
I| 6 > 5 
pe 
e—a 
(d+?) loa 
Ho mXlI p 7 
B = — = n moe 
4n (NP)? án (d-)?’ along NP produced. 
Magnetic field stre 
a o teld strength at P due to S-pole of magnet i 
Ba iym H m 


— 


án (SP 4n ` uae along PS produced. 


“e Magnetic field strength at P due to the bar magnet 


B= B, - B, =Ho m Ho m 


án CETE E 4n (d+ 


e o bav 


2 
=a? -b 
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E Uom áld -Bo mx 21) 2d 
4n(d°-l*)? 4n(d? -py2 
Ho 2Md 


ar PEET CM =m x 2/] 


, . 2 2 
When the magnet is short, /*><<d?, such that l? is 


neglected. 


puto 2Md 

át qd‘ 

Ho 2M 

poan 2E 

R án d? 


The direction of B is along NP produced. 


EXAMPLE |7| What is the magnitude of the axial fields 
due to a bar magnet of length 5 cm at a distance of 50 cm 
from its mid-point? The magnetic moment of the bar 
magnet is 0.40 A -m?. 

Sol. Given, magnetic length of bar magnet, 21 =5cm 
> l= 2.5cm = 2.5x10° m 
Distance, d = 50cm = 0.5m 
Magnetic moment, M = 0.40A-m? 

3 palo. 2Md 
. 4n ( d? -P y 
_ iy 2M 
an 
_107 x 2x040 
~ (05)? 


=64x107T 


[<< d] 


When Point Lies on Equatorial Line 
ofa Bar Magnet 


In the given figure, the point P is shown on equatorial line 
of the same bar magnet, where OP = d. Magnetic field 
strength at P due to N-pole of magnet is 


m| d,38----4---=* A| 
21| —— 


ke—— 


B =Po mxl po m 


=—. , along NP produced. 
4n (NP)? 4n (d? +1’) 


=> 
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Magnetic field strength at ? due to S-pole of magnet is 


m 
=. =  . , alon PS produced. 
? +17) É 


As B, = B, in magnitude, their components B,sin 6 along 
OP produced and B,sin@ along PO will cancel out. 
However, components along PX parallel to NS will add. 
Therefore, magnetic field strength at P due to the bar 
magnet, B = B, cos0 + B, cos0 =2 B, cos8, along PX. 


Bape A ae er reed aa 
án (d°) de? Vd? +P 
Ho mx2l 
= 4T (d?+ /?)3/2 
puoto. _ M 
Gt (Petry 
If the magnet is short, /? << d*, such that /? is neglected. 
Ho M 
B=. 
4n (d2)3?2 
to M 
4n d? 
pot, Ms 
4n d? 
The direction of B is along PX, a line parallel to NS. 


=> 


Note From the formulae of magnetic field due to a bar magnet at a 
point in axial position and at a point in equatorial position, it is clear 
that magnetic field due to a short bar magnet at any point on the 
axial line of magnet is twice the magnetic field at a point at the same 
distance on the equatorial line of the magnet. 


EXAMPLE |8| Determine the magnitude of the 
equatorial fields due to a bar magnet of length 6 cm ata 
distance of 60 cm from its mid-point. The magnetic 
moment of the bar magnet is 0.60 A-m?. 
Sol. Given, magnetic length of bar magnet, 2} = 6 cm 

=> l=3cm=3x10 m 

Distance, d = 60cm = 0.6m 

Magnetic moment, M = 0,60 A-m? 

bho M 


Magnetic field, B = = x ———__— 
g an (d +P)” 


Ho M 
= — wl << 
4nd? l a) 
-7 
x0. 
_ 4x10 ant oT T 
4r x (0.6) 
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Bar Magnet as an 
Equivalent Solenoid 

The magnetic field lines for a b 
carrying solenoid resemble v 


magnet can be thought as a large number of circulating 
currents in analogy with a solenoid. 


Cutting a bar magnet in half is like cutting a solenoid. We 
get two smaller solenoids y 


vith weaker magnetic properties. 
The field lines remain continuous, emerging from one face 
of the solenoid and entering into other face. 
One can test this analogy 


ar magnet and a current 
ery closely, Therefore, a bar 


by moving a small compass needle 
in the neighbourhood of a bar magnet and a current 
carrying finite solenoid and noting that the deflections of 
the needle are similar in both the cases. 


To prove mathematically that magnetic field produced by 


a solenoid on any point on the axial line is same as that of . 


a bar magnet. This analogy between bar magnet and 
solenoid can be shown by calculating the magnetic og ie 
an axial point of solenoid which resembles to that of a bar 
magnet. 


i id, a be the 
; > rent passing through a solenoi 3 
= bake aa 2/ i the length of solenoid and » be the 
ante of turns per unit length of solenoid. 


> be the point at distance r from centre at which 
Ler 7 5 Geld is to be calculated. Consider a small element 
ae ache n dx of the solenoid at a distance (x) from the 
of thickness 
centre O. l _ 

ber of turns in the clement =” dx i 
a ‘cude of the field at point P due to the circular 

u 

The magnit 


element is given by 


Ho į a° (n dx) (i) 
dB = A(r — x)? 4 ay 


ge distance from O, ie. r>>> a and 


If P lies at a very ee aP’ a 


r >>> x, then [r -x 
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a 
Ho ands A 
rs 
Total magnetic ficld at point 
solenoid. fa 
Ho”! 4 jl 
as “a l; 


iati x is from —/t 
['. range of variation of oH] 


nD 
Lae Uy nia 
nia +{/ _ FO 
= Pot ixt; = ae 
2r - 
uo 2n(2/) ma 
2 ee 
An r? aah 
If M is the magnetic moment of the solenoid, then 
M = Total number of turns X Current 
x Area of cross-section 
9 
Me=n(2l)xixta 


P due to current Carrying 


(2/) 


(iii) 


This is the expression for magnetic field on the axial line of 
a short bar magnet. 


The magnetic moment of bar magnet is thus equal to the 


magnetic moment of an equivalent solenoid that produces 
the same magnetic field. 


TORQUE ON A MAGNETIC 
DIPOLE IN A UNIFORM 
MAGNETIC FIELD 


When a bar magnet is placed in 
torque acts on the ma 
is associated with th 
discussed below, 

In the figure below, a uniform magnetic field B is represented 
by equidistant paralle 


. . 2 
l lines. NS is a bar magnet of length ? 
and strength of each pole is >n. 


The magnet is held at 20 w 


a uniform magnetic field, 
gnet. Also, magnetic potential energy 
e€ magnet due to its orientation 8 


ith the direction of B. 


Bar magnet į 
Force on N-pole = 


Force on S-pole = 


Na uniform Magnetic field 


> OPPosite to B 


Magnetism and Matter 


oo m = strength of each pole and 
md B= strength of magnetic field, 


These equal and unlike forces form a couple which tend to 
rotate the Magnet clockwise, so as to align it along B. 


Torque acting on the bar magnet, 


t= Force X Perpendicular distance 


5 t=mBx NA 
NA NA 
IAS, in § = — = — 
In ANAS, sin WS aI 
‘NA =2/sin® 


Now, t= mB X 2/ sin @= B x (m2/)sin® 
ji 
jsem 


The direction of T is perpendicular to the plane containing 


Mand B and is given by right handed screw rule. 

When . B=1 and 0=90°, 

then t= M x lsin 90° = M 
Hence, we may define magnetic dipole moment as the 


torque acting on a dipole held perpendicular to a uniform 
magnetic field of unit strength. 


Unit of M is unit of t divided by unit of B. Therefore, SI 
unit of M is joule per tesla (J T~'). 


EXAMPLE |9| A straight solenoid of length 50 cm has 
1000 turns per metre and a mean cross-sectional area of 
2x10 m?. It is placed with its axis at 30°, with a 
uniform magnetic field of 0.32 T. Find the torque acting on 
the solenoid when a current of 2 A is passed through it. 
Sol. Given, I = 50cm 

Number of turns per metre = 1000 


1 
<. Total number of turns (N) = 1000 i = 500 


Area, A = 2x10 °m* 

Current, ] = 2A 

Magnetic field, B = 0.32T 

“. Torque, t= MBsin@ = (NIA) Bsin® 


1 
= 500 2x (2X10) X0.32X > 
= 0.032 N-m 


EXAMP LE |10] A bar magnet when suspended 
orizontally and perpendicular to the earth's magnetic field 
"Xperiences a torque of 3 x 10" N-m. What is the partes 
Sment of the magnet? Horizontal component of earth's 


-4 
Magnetic field at that place is 0.4 x 10 T. 
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Sol. Given, 0 = 90°,t=3%10°N-m 


and B=04x10"T 
Since, torque T= MBsin® 


t _ 3x10 
~ Bsin@ 04x10” sin90° 
=7.5 JT! 


Oscillations of a Freely Suspended 
Magnet 

The torque acting on the bar magnet makes it oscillate in 
the uniform magnetic field. 

Since, in equilibrium, T =—MBsin 0 

Torque acting on a body, t= Ja. 


where, / = moment of inertia 
and O = angular acceleration. 
Now, /a=-—MBsin8 = 10) 
> d°0 
=> r 2 UNY sind va =— 
dt? l di” 


In the above equation, negative sign with MB sin 9 indicates 
that restoring torque is in the opposite direction ‘to the 
deflecting torque. For small values of @ in radians, sin 8 = 0. 


= 74% .-ne 
dt~ 

s d°® _ -MB @ 
— = ——— AS 
de? I 

On comparing the Eq.(i) with equation of SHM, i.e. 

d 2y 2 $ d°e ? 

~=- Wx or in angular terms, — =- 070 
dt” dt~ 


We can say that, the oscillations of a freely suspended 
magnet (magnetic dipole) in a uniform magnetic field are 
simple harmonic. 


2 MB MB 
w =—— or W=,/— 
I I 
; . hn m Ott 
So, the time period of oscillations, T = — 
0) 
=> P= 2 d 
MB 
a p- 
MT? 


where, / = moment of inertia about the axis of the magnet 
M = magnetic moment 


and B= magnetic field intensity. 
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EXAMP 


k Uniform e |11] Ama 


magnetic fiel 

magnetic n 
=6.5x 10-6 
din Ssis 10. 


gnetic needle is free to oscillate in 
d as shown in figure. The magnetic 
eedle is 7.2 A-m? and moment of 


kg-m*. The number of oscillations 


Performe 
Calculate the magnitude of magnetic 


field. 


Sol. Here, 7 = Number of revolutions _ 5 
Time taken 10 
M =7.2A-m?, I =6.5x10~ kg-m? 


E I 
As, T=2m|— or T?=4r? L 
V MB E MB 


The magnitude of the magnetic field is 
B= 4n°I _ 4 X (3.14)? x 6.5 x10 
MT? 7.2 x (0.5)? 
=1.42 x10" T 


POTENTIAL ENERGY OF A 
MAGNETIC DIPOLE IN A 
UNIFORM MAGNETIC FIELD 


When a magnetic dipole of moment M is held at an angle @ 
with the direction of a uniform magnetic field B, 
the magnitude of the torque acting on the dipole is given by 
t= MBsin®9 

This torque tends to align the dipole in the direction of the 
field. Work has to be done in rotating the dipole against the 
action of the magnetic torque. This work done is stored as 
potential energy of the dipole. 

Now, a small amount of work done in rotating the dipole 
through a small angle æ 0, 

dW =td@= MBsin@-d8 
Total work done in rotating the dipole from 0 = 0, to8 =6, 


0 0 ; 
w =f, W= J,, MB sin Od 0 = MB(—-cos0}9, 


= wW =-MB[cos8 — cosy] 
- Potential energy of the dipole, 
U =W =- MB (cos6 — cosQ, ) 


Let us assume that, 8o = 90° 
U =W =—-MB (cos8 —cos90°) 


Therefore, U= = MB cos®) 


In vector notation, we may rewrite this equation as 
nv 
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particular Gases 
> When = 90° 
a U = —-MBcos® 
— —~MBcos90°=9 l 
-o when the dipole is perpendicular to magne. 
field, its potential energy 1S _ 
(ii) When 0=0°,U = —MB cos 
= -MBcos0° = -MB 
e magnetic dipole is aligned along th 


i.e. when th ge : 
i.e it is in stable equilibrium having 


magnetic field, it 
minimum potential energy. 
(iii) When 6 = 180°, U = —MBcos® 
= —MBcos180°= MB 
which is maximum. This is the position of unstable 
equilibrium. 


EXAMPLE 12 A circular coil of 100 turns and have ap 
effective radius of 5 cm carries a current of 0.1 A. How 
much work is required to turn it in an external magnetic 
field of 1.5 Wb/m’ through 180° about an axis 
perpendicular to the magnetic field? The plane of the coil 
is initially perpendicular to the magnetic field. | 
Sol. Given, number of turns, N =100 | 
Radius, r = 5em = 0.05 m | 
Current, ]=01 A 
Magnetic field, B=1.5 Wb/ m? | 
8, =0°,6, =180° 
Area, A = nr’? = 3.14(0.05) m? 
~“. Required work done, W= —MB(cos 8, — cos ®,) 
= ~(NIA)B(cos 8) ~ cos @, ) 


= 1000.13.14 (0.05)? x 1.5 x (cos 180°—cos0") 
= ~10X3.14(0.05)? x 1.5(-1-1) = 0.24] 


THE ELECTROSTATIC ANALOG 


The magnetic di 

hagnetic dipole moment of a bar magnet is given by 
M = m (21) 
where, 


m = strength of e 
and 


2l = length of th 

The magnetic qi; i 

eral dipole is analogous to an electric dipet 
“Sang OF two egual ch. ite signs 

separated by ie SA san ehere di 


a certain dis a [Da A ole 
moment, ie. P=q Ga (2a). It has an electric dip 


The equations f 
ations for ma i 
se equatio agnetic fiel 
can be obtained from tH vei 
an electric di pole by 


E>B, P>M 


ach pole 
e dipole, 


REF H yole 
e to a magnetic dip 


a . © > el? 
m Gi €quations of electric field E d8 
aking the following changes, 


yjagnetism and Matter 


l Ho l 
— a — > 
4ne€, án > Ho 


Thus, for any point on axial line of a bar magnet at a 
distance did >>> t) from the centre of magnet, 
+ iy aw 
es 


át d? 


similarly, for any point on equatorial line ofa bar magnet at 
a distance, for d >>>! 


4nd? 


The table below shows the analogy between electri¢ and 
magnetic dipoles. unt 


E 


The Dipole Analogy 


Electrostatics = Magnetism 


Dipole moment p M 


Equatorial field for a short dipole  — pláne? 1 M/4nr° 


2pl4negr  po2 M4m 


Añal field for a short dipole 


External field : Torque 


px E MxB 


External field : Energy -p-E -M-B 


MAGNETISM AND GAUSS’ LAW 


The net magnetic flux (Q p) through any closed surface is 
always zero. . i 


This law suggests that the number of magnetic field lines 
‘ving any closed surface is always equal to the number of 
magnetic field lines entering it. Suppose a closed surface S is 
eld in a uniform magnetic field B. Consider a small vector 
tea element AS of this surface. Magnetic flux through this 
ĉea clement is defined as, Ad „n =B-AS 
nsidering all small area elements of the surface, we 
Plain net magnetic flux through the surface as, 


= = B- AS =0 ‘ 
Òs Z Ady Z 


Comparing this with Gauss’ law in electrostatics, 
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ġ=9 E-AS= Hr 
AA z 
i i b 
The difference between the Gauss’s law of magnetism and 
electrostatics is that isolated magnetic poles (also called 
monopoles) does not exist. 
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OBJECTIVE Type Questions 


Í. Two magnets have the same length and the 
same pole strength. But one of the magnets has 
a small hole at its centre. Then, 
(a) both have equal magnetic moment 
(b) one with hole has small magnetic moment 
(c) one with hole has large magnetic moment 
(d).one with hole loses magnetism through the hole 


2, A large magnet is broken into two pieces so that 
"their lengths are in the ratio 2: 1. The pole 
strengths of the two pieces will have ratio 
(a) 2:1 (b) 1:2 (c) 4:1 (d) 1:1 


3. The intensity of magnetic field at a point X on 
- the axis of a small magnet is equal to the field 
intensity at another point Y on equatorial axis. 
The ratio of distance of X and Y from the centre 
of the magnet will be 


(a) (27° (b) (2-8 


4. Work done in rotating a bar magnet from 0 to 
angle 120° is 


(a) = MB 0) = MB (© MB 


(c) 2? (d) 2°? 


(a) = MB 
3 


a 


Gauss’s law for magnetism is 

(a) the net magnetic flux through any closed surface is 
BAS ` 

(b) the net magnetic flux through any closed surface is 
E-AS 


(c) the net magnetic flux through any closed surface 
is zero 


(d) Both (a) and (c) 


VERY SHORT ANSWER Type Questions 


6. On what factors does the pole strength of a 
- magnet depend? 


7. What is Coulomb's law of magnetic force? 


8. Define magnetic dipole m ment. Also, write its 
SI unit. 
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10. 


11. 


o equal parts as 
- (a). One part is now kept over 


IfM is the ma 
magnet, what 
of new combir 


Snetic moment of the original 
would be the magnetic moment 
uation of magnets so formed? 


PAP, 
` N| MReS P3 
s|we a) 
S| man |^ 
(a) . (b) 


A coil of N turns and radius R carries a current’ 


rE It is unwound and rewound to make a square 
coil of side a having same number of turns N. 


Keeping the current I same, find the ratio of the 
magnetic moments of the square coil and the 
circular coil. Delhi 2013, Delhi 2013C 


Why do magnetic lines of force form 
continuous closed loops? 


SHORT ANSWER Type Questions 


12. 


13. 


14. 


Three identical bar magnets are rivetted 
together at centre in the same plane as shown 
in the figure. This system is placed at rest in a 
slowly varying magnetic field. It is found that 
the system of magnets does not show any 
motion. The North-South poles of one magnet is 
shown in the figure. Determine the poles of the 
remaining two. NCERT Exemplar 


What happens to a bar magnet if it is cut into 
two pieces 

(i) transverse to its length? 

(ii) along its length? 

State Gauss’s law in magnetism and compare it 
with Gauss’s law in electrostatics, 


tthe P, is above P, as shown ` 


15. 


17. 


18. 


19. 


20. 


21. 
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whether the given statement is Correct E 
p nd explain it. 
eld lines of a magnet form 
d loops unlike electric fielg 


Stat 
incorrect a 


“phe magnetic fi 
continuous close 
lines.” 

A circular coil of closely wound A porii ana 
radius r carries a current I. verite the 
expressions for the following; 

(i) The magnetic field at its centre. 


; t of this coil. 
ii) The magnetic momen 
(ii) 8 All India 2012 


Ashort bar magnet placed with its axis making 

an angle @ with a uniform external field B, 

experiences a torque t. 

(i) What is the magnetic moment of the 
magnet? 

(ii) Write the condition of stable equilibrium. 


A small compass needle of magnetic moment M 
and moment of inertia I is free to oscillate ina 
magnetic field B. It is slightly disturbed from its 
equilibrium position and then released. Show 
that it executes simple harmonic motion. _ 
Hence, write the expression for its time period. 
Delhi 2013, 2011C 


Two bar magnets having same geometry with 
magnetic moments M and2M are placed in 
such a way that their similar poles are on the 
same side, then its time period of oscillation is 
T,. Now, if the polarity of one of the magnets is 
reversed, then time period of oscillation is T» 
then find the relation between T, and T}. 


Prose we want to verify the analogy between 
crectrostatic and magnetostatic by an explicit 
experiment, Consider the motion of 


(i) oe dipole p in an electrostatic field E 


NCERT Exempl” 
a the followin 
3 . peaaibs to have a magnetic field 
wire ation With three poles? 
os elle monopoles existed. how woul 
aw of magnetism be modified? 
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JONG ANSWER Type I Questions NUMERICAL PROBLEMS 

of. An observer to the left of a solenoid of N turns 28. A short bar magnet has a magnetic moment of 


each of cross-section area A observes that a 
steady current J in it flows in the clockwise 
direction. Depict the magnetic field lines due to 
the solenoid specifying its polarity and show 
that it acts as a bar magnet of magnetic 


moment m = NIA. All India 2015 


0.48 J/T. Give the direction and magnitude of 

the magnetic field produced by the magnet at a 

distance of 10 cm from the centre of the magnet 

on 

(i) the axis, 

(ii) the equatorial lines (normal bisector) of the 
magnet. NCERT 


AREN t di (À 
t in Uy rf 29. Ashort bar magnet of magnetic moment 
NN o I a MS 5.25x 10°J/T is placed with its axis 
; ducti : perpendicular to the earth’s field direction. At 
73. Auniform rte ucting wire of length 12a and what distance from the centre of the magnet, 
pion Š aF up as a current carrying the resultant field is inclined at 45° with the 
coilint ve apeo ; earth’s field on (i) its normal bisector and (ii) its 
(i) an equilateral triangle of side a, axis. Magnitude of the earth’s field at the place 
(ii) a square of sides a and is given to be 0.42 G. Ignore the length of the 
(iii) a regular hexagon of side a. The coil is magnet in comparison to the distances 
connected to a voltage source V}. Find the involved. NCERT 
magnetic moment of the g ha case: 30. +A closely wound solenoid of 800 turns and area 
Exemplar of cross-section 2.5 x 10~“* m° carries a current 
24. An electron of mass m, revolves around a of 3.0 A. If it can be treated as a bar magnet, 
nucleus of charge +Ze. Show that it behaves like then find its magnetic moment. (2M) 
a tiny magnetic dipole. Hence, prove that the. | 31. If the solenoid is treated as a magnet of 
magnetic moment associated with it is expressed moment (= 0.6 J/T) is free to turn about the 
asp =- : L, where Lis the orbital angular vertical direction and a uniform horizontal 
e magnetic field of 0.25 T is applied, what is the 
momentum of the electron. Give the significance magnitude of torque on the solenoid when its 
of negative sign. Delhi 2017 axis makes an angle of 30° with the direction of 
lied field? CERT 
25. Verify the Gauss’ law for magnetic field of a appease » 
point dipole of dipole moment M at the origin 32. A closely wound solenoid of 2000 turns and 
for the surface which is a sphere of radius R. area of cross-section 1.6 x 10~ m°, carrying a 
NCERT Exemplar current of 4 A, is suspended through its centre 
r allowing it to turn in a horizontal plane. If the 
LONG ANSWER Type II Questions solenoid is treated as magnet, then 
26. Derive the expression for (i) What is the magnetic moment associated 
(i) magnetic field at a point lies on axial line of $ with the solenoid? 
a bar magnet. (ii) What are the force and torque on the 
i j int lies on equatorial solenoid, if a uniform horizontal magnetic 
a tine of i bar meee eee j field of 7.5x10~T is set up at an angle of 
- r ’ o . . s 
Also, find the ratio of magnetic fields at the 30° with the axis of the solenoid? NCERT 
axial and equatorial points. 33. -A short magnet oscillates with a time period 


27, 


(i) Derive the expression for potential energy of 
a magnetic dipole in a magnetic field. 

(ii) Compare the magnetic fields of a bar 
magnet and a solenoid. 


0.1 s at a place, where horizontal magnetic field 
is 24 uT. A downward current of 18 A is 
established in a vertical wire 20 cm East of the 
magnet. What will be the new time period of the 
oscillator? 
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, 34. 


35. 


36. 


37. 


L 


A circular coil of 16 turns and radius 10 em 
carrying a current of 0.75 A, rests with its plane 
normal to an external field of magnitude 

a x 10™ T. The coil is free to turn about an axis 
in its plane perpendicular to the field direction. 
When the coil is turned slightly and released, it 
oscillates about its stable equilibrium with a 
frequency of 2.0 s, What is the moment of 


inertia of the coil about its axis of rotation? 
NCERT 


Iftwo magnets having magnetic moments M 
and M V3 are joined to form a cross (i.e. x). The 
combination is suspended freely in a uniform 
magnetic field. In equilibrium position, the 
magnet having magnetic moment M makes an 
angle 8 with the field. Calculate the value of 6. 


A short bar magnet of magnetic moment 

M= 0.32 J/T is placed in a uniform magnetic 
field of 0.15 T. If the bar is free to rotate in the 
plane of the field, which orientation would 
correspond to its (i) stable and (ii) unstable 
equilibrium? What is the potential energy of the 
magnet in each case? NCERT 


A bar magnet of magnetic moment 1.5 J/T lies 
aligned with the direction of a uniform 
magnetic field of 0.22 T. 

(i) What is the amount of work required by an 
external torque to turn the magnet, so as to 
align its magnetic moment (a) normal to the 
field direction, (b) opposite to the field 
direction? 

(ii) What is the torque on the magnet in cases 
(a) and (b)? NCERT 
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(b) As, we know, magnetic dipole moment m=m(21), so 
hole reduces the effective length of the magnet and 
hence magnetic moment reduces. 

(d) Pole strength does not depend on length. 

So, strength of the two pieces will remain same, 

(d) If d, is distance of point X one axial line and d, is 
distance of point Y on equatorial line. 


Ho 2m Ho m 

, B = 1! —. B, = LS oe 

Then, Ba on d? pm d? 
As, B, = Be 


Ho2m _ Hom 


=> d’ =2d? => d fd, #2” 
4nd? 4nd i eae 


10. 


11. 


12. 


13. 


14. 


. (b) W 


. (c) 


. The pole strength of 


| Coulomb's law 


| Alléwone | PHYSICS Class 1y, 


ork done in rotating a magnet (from angle 0 tg 


120°) is given by 
120° 
= d0 
> J, fe 
= MBI 120° ind @ = MB(—cos 8) 
0 


120° 
0 


153 
= MB(— cos 120° + cos 0°) = MB(1+ a = ZMB 
Gauss’s law for magnetism is the net magnetic flyy 
osed surface is zero. 
a magnet may depend on its 
f material. 


through any ci 


cross-section, nature O 
of magnetic force is inversely 
ional to the squared distance between the 


proport j 
rectly proportional to the produg 


magnetic poles and di 
of magnetic poles. 
The magnetic moment of a magnet is a quantity that 


determines the torque, it will experience in an externa] 


magnetic field. Its SI unit is A-m”. 


. When the bar magnet is cut into two equal parts, as 


shown in the Fig. (a), P, behaves as N and P, behaves as 

Sand magnetic moment of each part of magnet becomes 

M/2. When pole P, is placed over pole P, as shown in 

Fig. (b), the net magnetic moment of the combination is 
1 M 


zero, i.e. AE areal, 
2 2 


2() 
M, _2INA,_ \2) _1 


M, INA, (RY 2 


i 

l 

i 

í I 

. Ratio of the magnetic moments, 


Magnetic lines of force come out from North pole and 
enter into the South pole outside the magnet and travels 
from South pole to North pole inside the magnet. So, 
magnetic lines of force form closed loop, magnetic 
monopoles do not exist. 


Note When South pole of the magnet is viewed with the 


frame of reference inside th 
kets e magnet would appear as N 
Laas pale North pole as South pole. Therefore. 
ines Of force traversed fr o North 

pola inside the magnet, om South pole t 
oe system of magnets will be in stable equilibrium. if 
is tie force on the system is zero and net torque 0”! 
ramai gero, It will be possible, if the poles of the 

‘maining two magnets is as shown in the figure. 


Inb A 
n both the cases (i) and (ii), we get two magnets, each 


with a North and South pole 
Refer to text on page 227 


Magnetism and Matter 


5, The statement is correct. The nu 


16. (i) Magnetic field at centre due’ to circular currént carrying 


mber of magnetic field lines 


leaving a surface is balanced by the number of lines entering 


it. The net magnetic flux is zero, 


coil, B= bo 
2r 
(ii) Magnetic moment, M = NIA = NI(rr’*) 


M = nNir* 
where, ris the radius of circular coil, 


Ho is permeability of free 
space and Nis number of turns, 


17. (i) Refer to text on Pages 224 and 225. 


(ii) Refer to text on page 226. 


18. Refer to text on page 225. 


19. Using the formula for time period for magnetic system 


20. 


I 1 
T =27: || —-| > T oc —_ i 
(a JMM ai 
When similar poles placed at same side, then 
M =M+2M=3M 
1 
So, from Eq. (i), T, = —— wii 
q 1 BM (ii) 
When the polarity of a magnet is reversed, then 
M,=2M-M=M 
So, from Eq . (i), 
1 
T, <—= w (iii) 
> JM 
Now, on dividing Eq. (ii) by Eq. (iii), we get 
Ty VM =T, =T, 


3 
Hence, eG 
Now, suppose that the angle between M and Bis 8. 


Torque on magnetic dipole moment M in magnetic field B, 


t’ = MBsin®@ 
Two motions will be identical, if 
pEsin® = MBsin® 
> pE = MB wl) 
But E =cB 


Putting this value in Eq. (i), we get 
M 
pB=MB => p= = 


21. (i) Yes 


22. 


(ii) EB. AS = mM, 
Since, it is given that the current flows in the ocenie 
direction for an observer on the left side of the solenoid. 


It means that the left face of the solenoid acts as South poke 
and right face acts as North pole. Inside a bar, the magnetic 


field lines are directed from South to North. 
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Therefore, the magnetic field lines are directed 
from left to right in the solenoid. 
Magnetic moment of a single current carrying loop 
is given by, m’= IA. 
So, magnetic moment of the whole solenoid is 
given by 

m= Nm‘= N(IA) 


23. We know that magnetic moment of the coil 


M = NIA. Since, the same wire is used in three 
cases with same potentials, therefore, same current 
flows in three cases. 


| Hints: The different shapes form figures of different 
| area and hence, their magnetic moments vary. 


(i) For an equilateral triangle of side a, 
N =4, as the total wire of length = 12a 
Magnetic moment of the coil, 


N=4 
E 
M= NIA=4I & | 


=> M=Ja?v3 
(ii) For a square of side a, A =a? 


N =3 as the total wire of length = 12a 
Magnetic moment of the coil, 


N=3 
M = NIA =31 (a°) =31 a° 
(iii) For a regular hexagon of sides a, 


N = 2 as'the total wire of length =12a 
Magnetic moment of the coils, 


* pA 
M = ana (%2 oat 


< M is in a geometric series. 
24. Refer to text on page 219, 
-eL 

2m 


In vector form, p = 
Here, negative sign indicates that 4 directs away 
from L. 
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25. L 7 
et us draw the figure for given situation, 


We have to prove that fB -dS =0. This is called Gauss’s 


law in magnetisation. 
According to the question, 

Magnetic moment of dipole at origin OisM=M k 

Let P be a point at distance r from O and OP makes an 
angle 9 with Z-axis. Component of M along OP = Mcos8. 
Now, the magnetic field induction at P due to dipole of 


2Mcos®@ . 
——— 


3 


Ho, 
4 r 


moment M cos 6 is B = 


From the diagram, r is the radius of sphere with centre at 
O lying in YZ-plane. Take an elementary area dS of the 
surface at P. Then, 

dS = r(rsin® d@)? =r’sin 6 d6F 


2. $B-as=f Ho 2M cos® 5 (r?sin@ d0f) 
¥: 


41 
alame 2sin@.cos 0 d0 
4x r-° ‘ 
-Ho a zo> te. (- esa) 
an r” 4n r 2 5 


=e. —[1-1]=0 
4 


26. (i) Refer to text on pages 222 and 223. 
(ii) Refer to text on page 223. 


27. (i) Refer to text on page 226. 
(ii) Refer to text on page 224. 


28. (i) S N P 
~—10cem—» 28 


Refer to Example 7 on page 223. 
The direction of magnetic field is from S to N-pole of 


magnet. 
(ii) B-—rP 


| Allinone |, PHYSICS Class 1y, 


223. 
Refer to Example 8 on page . 
The direction of magnetic field is from N to S-poley 


magnet. 
moment, 


29. Given, magnetic ‘ 
m= 5.25 x 10° J/T 


resultant magnetic field be Bre- 


Let the i 
It makes an angle of 45° with B,. 
Direction of 
the earth ' 
B net B 
' e 
5 (Magnetic field) 
P 
A maey B vas 
K ! ; Me 
i 


According to’ the vector analysis, 
Be 
Brot 


90° 
B’ 
B sin 90° 


> tan 45° = 
B cos 90° + B, 


=> 1 = B or B = B, li) 
B, 

From Eq. (i), we get 
m 


= 042x104 =Ho.™ 
4x r? 


r? 


p = 5:25 x10” 
042 x 1074 
r=0.05m 
(ii) When Point Lies on Axial Line 
Let the resultant magnetic field B xı makes an an gles 


oe A ig magnetic field on the axial line ° 
gnet at a distance of r from the centre of magne! 


B, 


0.42 x 10™ = 


=125 x 10” 


Brot 


S O N 45° 


ee oe 7 


k— Fr- P 
Al 


pi =o, 2m 
. 4n r 
Directi i 
ton of magnetic field is from $ to N. 
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According to the vector analysis, 


Be 
Brot 33. 
45° 
90° 
B’ 
f tan 45°.= B’ sin 90° 
r es 


B’ cos 90° + | 
B’ 
=> l1=— >B = B’ 
B e 


e 


From Eq. (i), we get 


042x107 = Ho, 2m 


41 r 
= 042x194 = 0 2% 5.25 x10? 34. 
r N 
3 3 _ 10° x2x5,25. 


oazon te 


A r = 0.063 m or 6.3 cm 
30. Given, number of turns, n= 800 
Area of cross-section of solenoid, A= 2.5 x 1071 m? 


Current through solenoid, I =3 A 
Magnetic moment of bar magnet, 


M =nlA =800x3x 25x10 
= 06]/T along the axis of the solenoid. 
31. Given, magnetic field, B = 0.25 T 


Angle between magnetic moment and the magnetic 
field, 6 = 30° 


Magnetic moment, M = 0.6 J/T 


Torque acting on the solenoid, when it is placed at an 
angle @ with the magnetic field. 


T= MB sin = 06x 0.25 sin 30° 
= 06 x0.25 x z = 0,075 N-m 


Thus, the magnitude of torque on the solenoid is 0.075 N-m. 

832. (i) M =1.28 J/T; 
(ii) The force (net) on the solenoid is zero because two 
equal and opposite forces (on each of its poles) are 


acting but their lines of action are parallel, so they 
form a couple thus a torque (nol force) is applied on it, 


N— 


35. 


36. 
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T =48%10° N-m; refer to Q. 33 on page 240. 
Initially, 


| I I 
T= — and finally, T’ = 2x,; ———— 
2n mB and finally m(B+ B’) 


where, B’ = horizontal magnetic field =24uT 
and B= magnetic field due to downward conductor 


=> 


=> T’= 0076s 


Given, number of turns of circular coil, n=16 
Radius of circular coil, r =10cm= 0.1m 
Current, I = 0.75 A, frequency, f=2s' 
Magnetic field, B=5.0 x107 T 
Magnetic moment of the coil, 
M=nlA= 16 x 075 x t (0.177 
= 16x 0.75x 3.14x (0.17 
= 0.377 J/T 
Frequency of oscillation of the coil, ps Ar Lac 


2n I 
where, I = moment of inertia of the coil. 


Squaring on both sides, we get 


l __MB 
n? I 7 anf? 
0.377x 5x 107 
~ 4X 3.14x 3.14x 2x 2 
= 12x 10 kg-m?* 
Thus, the moment of inertia of the coil 
= 12x 107 kg-m? 


If magnet of magnetic moment M makes an angle @ 
with the field, then other magnet of magnetic moment 
M V3 makes an angle (90° 0) with the field. 

In equilibrium, T, = t, 


=> MBsin@ = MV3 Bcos® 
s o W 
cos 0 
=> tanO = V3 
=> 6 = 60° 


Given, magnetic moment of magnet, M = 0.32 J/T 


Magnitude of magnetic field, B = 0.15 T 

(i) For stable equilibrium, the angle between magnetic 
moment M and magnetic field B is 6 = 0°. 
[~ In this position, it will be in a direction parallel to 
the magnetic field, thus no torque will act on it.] 
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` The potential energy of the magnet, 
U=-M-B=- MBcos 0 
(.°M-B = MB cos 0] 
= —032 X 015 cos 0° 
=-48x107] 
Thus, for the stable equilibrium the potential energy is 
—48x107 J. 
(ii) For unstable equilibrium, the angle between the 
magnetic moment and magnetic field is 180°. 
(C= At 9 =180°, although torque is zero but if it is 


displaced by small angle d9, then resulting torque 
would not restore it to the original position). 


Potential energy of the magnet, 
U =— MB cos 180° 
— 0.32 x 0.15 (-1) 
4.8 x107” J 
Thus, for the unstable equilibrium, the potential 
energy is 4.8 x10% J. 


Ii 


37. Given, magnetic moment of magnet, M = 1.5 J/T 
Uniform magnetic field, B = 0.22 T 


|TOPIC 2| 
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[ the magnet lies ali fe 
in the direction of field 
[ the magnet is to be alignes 
normal to the field directig,, 
Work done in rotating the magnet from angle 6, t09, 
W = - MB (cos 9, — cos 9; ) 
= — 1.5 X 0.22 (cos90° — cos0° ) 
=0.33J 
(b) Angle, @, =0° and @, = 180° 
. [' Magnet is to be aligned opposite to the 
direction of field) 
Work done = — MB (cos 8, — cos 6,) 
= — 1.5 X 0.22 (cos 180° — cos 0° )= 0.66 J 
(ii) Using the formula of torque, 
t= MBsin 8 
(a) When magnetic moment is normal to the field 
6=90° 
t= 1.5 X 0.22 sin 90° = 0.33 N-m 
(b) When magnetic moment is opposite to the field, 
8= 180° 
T=1.5X0.22 sin 180° = 0 


(i) (a) Angle, 0, = 0° 


and 0, = 90° 


Magnetic Properties of Materials 


VARIOUS TERMS RELATED 
TO MAGNETISM 


Various terms related to the magnetism are given below. 


Magnetic Intensity (H) 


The capability of magnetic field to magnetise the substance 
is measured in terms of magnetic intensity of the field, The 
magnitude of magnetic intensity may be defined as the 
number of ampere turns flowing round the unjt length of 
toroid to produce the magnetic induction By, in the toroid, 
It is denoted by H. 


By 
“ho v(i) 
where, By = magnetic field inside vacuum 

and py = 40X10 T-mA~ 

Its SI unit isAm™'. 


Magnetic intensity is also known as ma 


magnetic field strength, gnetising force and 


Intensity of Magnetisation (J) 


The intensity of magnetisation of a magnetised substance 
represents the degree to which the substance is magnetised. 
It is defined as the net magnetic moment M developed pet 
unit volume V, when a magnetic specimen is subjected to 
magnetising field. It is denoted by 7. 


Its SI unit is Am™!. [es dimension is [L'a] and it isa 
vector quantity, l 
Magnetic Induction (B) 


lt is de 
ieee the number of magnetic lines of 
FOssing per unit area normally through che 


magnetic substance. Iti 

nce. It is denot ici ; 
ed by af 
isthe sum of the ma ee cine 


I gnetic field By and the magnetic fie! 
b feed duc to the magnetisation of the incu 
, = Bot Hol =M tuo! 


_.. (il) 
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Magnetic induction is also known as magnetic flux density 
p simply magnetic field, 
hci did 


js SI unit is T or Wbm ™., 


Magnetic Susceptibility (Xm) 

Ir is a Measure of how easily a substance is magnetised in a 
magnetising field. . The magnetic susceptibility of a 
magnetic substance is defined as the ratio of the intensity of 
magnetisation to the magnetic intensity. It is denoted by 


Xn 
a a 
. m H .. (ili) 
Asunits of Hand Jare same(Am~'), therefore it has no unit. 


Magnetic Permeability (1) 


It is a measure of conduction of magnetic field lines 
through a substance. The magnetic permeability of a 
magnetic substance is defined as the ratio of the magnetic 
induction to the magnetic intensity. It is denoted by u. 

B 


ame; 


lts SI unit is TmA™~!, 


Relative Magnetic Permeability (w) 


lt is the ratio of the magnetic permeability p of the 
substance to the permeability of free space. 


u 


T 


lt is a dimensionless quantity and is equal to 1 for vacuum, 


u 


The relative magnetic permeability of a substance is 
clined as the ratio of magnetic flux density B in that 
substance and flux density By in vacuum in the same field. 


EN 
H, = B, 

Relation between Relative Magnetic 
Permeability (u,)and Magnetic 

Usceptibility (7...) iem 
hen a Substance is placed in a magnetising field, : 
comes magnetised. The total magnetic flux masa 
thin the substance is the flux density that pies ae 
“n produced by the magnetising field in vacuum plus the 


isati IFT 
“x density due to the magnetisation of the seep aki 
€ the intensity of magnetisation of the substance, 


Wi 
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definition, the magnetic intensity of the magnetising field is 


given by fs Fy B=u,(H +1) 
Ho 
But l=%,„ H 


where, x,, is the susceptibility of the substance. 
B=, H (1+ Xm) 
Again B=u H, where u is the permeability of the 


substance. 


U=Mo(l+Xp) or Fatty, 
Ho 


2 is the relative permeability u. 


0 


Thus, 

The quantity (1+%,,)=|, is the analog of dielectric 
constant in electrostatics and is known as relative magnetic 
permeability. It is a dimensionless quantity. 


The value of magnetic susceptibility is small and positive for 
paramagnetic materials and small and negative for 
diamagnetic materials, 


EXAMPLE |1| The Magnetic field B and the magnetic 
intensity H in a material are found to be 1.6 T and 


1000 Am™', respectively. Determine the relative 
permeability, and the susceptibility y m of the material. 
Ble 


Sol. Magnetic permeability, y= = —°- 
H 1000 
=16x10 Tma 
Since, relative magnetic permeability, 
-3 


t, =—=———_ = 0.27 x 10° 
ep Hy 4x10” 


Therefore, susceptibility, x,, =, -1 =1.27 x10 -1 


= Xm = 1.27 x10" 


EXAMPLE |2| A solenoid of 600 turns per metre is 
carrying a current of 4 A. Its core is made of iron with 
relative permeability of 5000, Calculate the magnitudes of 
magnetic intensity, intensity of magnetisation and 
magnetic field inside the core. 
Sol. Given, current, | =4A 

Number of turns per unit length, n= 600 

Relative permeability, p, = 5000 

Since, magnetic intensity, H = nl = 600xX4 = 2400Am"! 

Since, tt, =1+%,, 

= Xn =H, -1 

= 5000-1 = 4999 = 5000 
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H sini . 
ai Xm = magnetic susceptibility, 
ensity of magnetisation can be given as 
T= x,,H = 5000x 2400 
=1.2x10’ Am"! 
Therefore, magnetic field, B =p, H 
= 5000 (4 X107) x 2400 


=15T 


MAGNETIC PROP 
OF MATE È ERTIES 


Marterials can be classified as diamagnetic, paramagnetic and 
ferromagnetic on the basis of susceptibility (X „). 


Diamagnetic Paramagnetic Ferromagnetic 
-1<x%,<0 O< Xm<E npe 7 
O<u,<1 <u, <1+E u >51 i 
H <Ho H>Ho H>>Ho 


Here, € is a small positive number introduced to quantify 
paramagnetic materials. 


Diamagnetism 
Diamagnetic substances are those = 
substances which have a tendency to move 
from stronger to the weaker part of the. 
external magnetic field. 
c material ii ~A 


When a bar of diamagneti 
placed in an external magnetic field, the 
feld lines are repelled or expelled and the. field inside the 


material is reduced. 


Explanation of Diamagnetism 
Diamagnetic substances are those substances in which 
resultant magnetic moment in an atom is zero, 

lied, those electrons having 


When magnetic field is app 
nr in the same direction slow down 


orbital magnetic mome 
and those in opposite directions speed up. This happens 
due co induced current in accordance with Lenz’s law. 
Thus, the substance develops a net magnetic moment sa the 
direction opposite to that of the applied field and hence, 

lead, silicon, nitrogen 


repels. €B- Bismuth, copper, 
nd sodium chloride. 


(at STP), water a 
v Meissner Effect 
Superconductors exhibit perfect diamagnetism. A 
superconductor repels a magnet and (by Newton's third law) 
is repelled by the magnet. This phenomenon of perfect 
superconductors is called the Melssner 


giamagnetism in 
ducting magnets have been used for running 


effect. Supercon 
magnetically levitated superfast trains. 
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Paramagnetism 


The substances which get weakly magnetised in 
direction of external field, when placed in an sae 
magnetic field are called paramagnetic substances, Th 
substances have the tendency to move from a region « 
weak magnetic field to strong magnetic field, i.e. they 7 


weakly attracted to a magnet. 


nation of Paramagnetism 
material 
c dipole 


Expla 
The atoms of a paramagnetic 
s a permanent magneti 
nt of their own. On account o 
motion of the 

sation is seen. D 
xternal field 

h and at low temperatures, the 
nt can be made to align ani 


posses 


mome 
the ceaseless random 


atoms, no net magnet 
But in-the presence ofane 
Bo, which is strong enoug 
individual atomic dipole mome 
point in the same direction as Bo- 

The field lines get concentrated inside the material and the 


field inside is enhanced. 
When. placed in a non-uniform magnetic field, the 
paramagnetic material tends to move from weaker part of 


the field to the stronger part. 


e.g. Aluminium, sodium, calcium, oxygen (at STP) anda 


copper chloride. 


Curie’s Law 


Magnetisation of a paramagnetic material is inversely 
proportional to the absolute temperature (TP); 
B E 
I = 70 i 7 7 — Ho 
C r or equivalently X, = T 

where, C is called Curie’s constant. 

Iþ--------= Xm 

Saturation 
region 
(0) Bo/T 
7 


Peay ani A sinned of magnetisations with By/T ® 
dipoles present haa - ; particular stage, all the aton t 
a Gal n the specimen align in the direction 0! ' 

al field and this leads to saturation region. 


- 
Herromagnetism 
1€ substances whi 
Ms alte which get strongly magnetised when 
substances, The i doe field ‘are called ferromagt a 
a A T. y lave strong tendency to move ia 
sf pentane agnetic field to strong magnetic fields" 
y attracted to a magnet. 


place! 
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curie-Weiss Law 


i describes the magnetic susceptibility x, of a 


romagnet in the paramagnetic region above the Curie 
point. It is expressed as 


Xm ToT. [is Ss To) 


where, C is called Curie’s constant, T is absolute 
remperature in kelvin and Tọ is Curie temperature. 


Explanation of Ferromagnetism 


The atoms in a ferromagnetic material possess a dipole 
moment aligned in a common direction over a macroscopic 
yolume called domain. Each domain has net magnetisation. 


a 
AIT 
F acai" 
tf \\ 
Randomly oriented domains 


When we apply an external magnetic field B}, the domains 
orient themselves in the direction of By and simultaneously 
the domains grow in size. 


Aligned domains 


In some ferromagnetic materials, the magnetisation persists 
on removal of external magnetic field. Such materials are 
called hard magnetic materials or hard ferromagnets, e.g. 
alnico (an alloy of iron, aluminium, nickel, cobalt and 
Copper) is one such material which forms permanent 
Magnets to be used among other things as a compass needle, 

re are some ferromagnetic materials in which the 
Magnetisation disappears on removal of external magnetic 
teld, e.g. soft iron. Such materials are called soft magnetic 
Materials or soft ferromagnets. e.g. Iron, cobalt, nickel, 


Bdolinium, etc. The relative magnetic permeability of 


se substances is greater than 1000. 

he ferromagnetic property depends on the temperature. 
A igh temperature, a ferromagnet becomes a parame 

€ transition of temperature from TS a 
*famagnetism is called the Curie temperature (7 o e 
“Usceptibility in the paramagnetic phase is described by 


_ C [T >To] 
“T_T; 


Xm 
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Curie Temperature Te of 
Some Ferromagnetic Materials 


Material To (K) 
Cobalt 1394 
Iron _} 1043 7 
Ferric oxide 893 
_ Nickel at 
Gadolinium — 317 


EXAMPLE |3| A solenoid having 5000 turns/m carries 
a current of 2A. An aluminium ring at temperature 300K 
inside the solenoid provides the core. 
(a) If the magnetisation I is 2x 10° A/m, find the 
susceptibility of aluminium at 300 K. 


(b) If temperature of the aluminium Ting is 320 K, what 
will be the magnetisation? 


Sol. (a) Here, H:= | =5000 x 2=10'A/m 


and J=yH 
4= I 
H 

- 2x107 =2x10° 


=—x2x10° 
Xi 300 


= 213 x 10° 
“. Magnetisation at 320 K, 
I= %,H = 2.13 x10 «10° 
= 2.13x 10°A/m 


Hysteresis Curve 


The hysteresis curve represents the relation between the 
magnetic induction B or intensity of magnetisation Z of a 
ferromagnetic material with magnetic intensity H. The 
graph shows the behaviour of the material as we take it 
through one cycle of magnetisation shown in the figure. 


Formation of Hysteresis Curve 


An unmagnetised sample is placed in a solenoid and current 
through the solenoid is increased, The magnetic field B in 
the material rises and saturates as depicted in the curve Oa. 
Next, if H is decreased and reduces to zero. 
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cimen appears in the form ofh 
for soft iron is large and Natty: 
p for steel is short and wide 


so, absorbed by the spe 
energy. Hysteresis loop 
whereas the hysteresis loo 


shown in the figure. 
Soft iron 


Steel 


Then, at H =0, B #0 (curve ab) H— 
The value of B at H =0 is called retentivity. 


Now, the current in the solenoid is reversed and 
1 nin e ` . . . i 
Now, the current is reduced (curve de), increased, reversed (i) Rerentivity of so iron i mee i T ha of steel 
(curve ea) . The cycle repeats itself. For a given value of H, B (ii) Soft iron is more strongly magnensée tim =< 
is not unique, but depends on previous history of the 
sample. This phenomenon is called hysteresis. 
It is found thar the area of hysteresis loop is proportional to 
the net energy absorbed per unit volume by, the material, as it 
is taken over a complete cycle of magnetisation. The energy 
Comparative Study of Magnetic Materials 


Fro 


(iii) Coercivity of soft iron is less than that of steel. 

(iv) As area of hysteresis loop for soft iron is smaller than 
that for steel, therefore, hysteresis loss in case of sof 
iron ig smaller than that in case of steel. 


Diamagnetic Substances Paramagnetic Substances _ Ferromagnetic Substances 


These substances when placed in a These substances when placed in a magnetic These substances when placed in a 
magnetic field, acquire feeble magnetism field, acquire feeble magnetism in the direction magnetic field are strongly magnetised in 
Opposite to the direction of the magnetic of the magnetic field. the direction of the field 
field. 

a H 


H 
i 


These substances are feebly repelled bya These substances are feebly attracted by a These gubstances are strongly attracted by 
mogne. _ magnet. a magnet. 


When a diamagnetic solution is poured into The level of the paramagnetic solution in that iqui ; 
a U-tube and one arm is placed between arm rises. No liquid is ferromagnetic. 
the poles of strong magnet, the level of 

solution in that arm is lowered. 


; ; 4\Paramagnetic 
m ' la ý solution 
$n Diamagnetic 
solution 
ff a rod of diamagnetic material is Paramagnetic rod beco 
m 
suspended freely between two magnetic magnelic field, OS parallel to the Ferromagnetic rod also becomes parallel 


poles, its axis becomes perpendicular to to the magnetic fi 
the magnelic field. agnetic field. 
Ni & n |S 


m 


Axis 


In non-uniform magnetic field the In non-u itor oe 

; i ! -unif i 

diamagnetic substances are attracted substances move hee i 
towards the weaker fields, i.e. they move of the magnetic f weaker to stronger par 
from stronger to weaker magnelic fieid. ield slowly 


d, paramagnetic in 


non-uniform magnetic 
i ferromagnetic substances move j 
a a aker to stronger magnetic field rap 


m pe 


|S 
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-——~ piamagnetic Substances 


Di Paramagnetic Substances 
reir permeability is less than one (p < 1) 


Ferromagnetic Substances 


Their Permeability is slightly greater than one Their permeability is much greater than one 
(u > 1), (u >> 1), 


F i, susceptibility is small and negative, Their susceptibilit is small and positive, Their 
si susceptibility is independent of susceptibility n š 


Their susceptibility is large and positive. 


inversely proportional to They follow Curie-Weiss law, when heated 
temperature. absolute temperature, which is Curle's law, above Curie's temperature (Te } 
1. cK, i.e, Lm * >=—. 
Xm T Lm tT A 


At Curie temperature, ferromagnetic 
substances change into paramagnetic 


il - substances. ae 
Shape of diamagnetic liquid in a glass Shape of paramagnetic liquid in 
gucible and kept over two magnetic poles. 


a glass No liquid is ferromagnetic. 
crucible and kept over two magnetic poles, 
Diamagnetic liquid 


. Paramagnetic liquid 


in these substances, the magnetic field In these substances, the magnetic field lines 
ines are farther than in air. 


In these substances, the magnetic field 
are closer than in air. 


i en ir. lines are much closer than in air. 
The resultant magnetic moment of these These substances have a permanent magnetic These substances also have a permanent 
substances is Zero. moment. magnetic moment. 


TOPIC PR ACTICE 2 | VERY SHORT ANSWER Type Question 


3. In what way, the behaviour of a diamagnetic material 
OBJECTIVE Type Questions N is different from that of a paramagnetic, when kept in 


an external magnetic field? 
Í. The variation of magnetic susceptibility (x) 


All India 2016 
with temperature for a diamagnetic SHORT ANSWER Type Questions 
substance is best represented by figure j 
4. From molecular view point, discuss the temperature 
dependence of susceptibility for diamagnetism, 
í y 7 paramagnetism and ferromagnetism. NCERT Exemplar 
a) (b 
| | 5. Show diagrammatically the behaviour of magnetic 
o field lines in the presence of 
T— n [a (i) paramagnetic and All India 2014 


j , (ii) diamagnetic substances. How does one explain 
x | this distinguishing feature? 
E , 
0 Te (d) o 6. Out of the two magnetic materials, A has relative 
permeability slightly greater than unity while B has 


less than unity, Identify the nature of the materials A 


, and B. Will their susceptibilities be positive or 

2. The relative permeability of a substance X is negative? Delhi 2014 

Slightly less than unity and that of aitinn 
it 7. A ball of superconducting material is dipped in liqui 
Substance Y is slightly more than unity, then ; et. 
G) Xis Ta ad Y is ferromagnetic nitrogen eee StL 
(b) X is di ic and Y is ferromagnetic (i) In which direction will it move? oa . 
(c) x re same agnetic (ii) What will be the direction of its magnetic 
an oth are param 


. moment? NCERT Exemplar 
) Xis diamagnetic and Y is paramagnetic 
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8. Explain quantitatively the order of magnitude 
difference between the diamagnetic 
susceptibility of N, (~ 5x10°°) (at STP) and 


~ 10-5 
Cu (~ 10™). NCERT Exemplar 


9. (i) How does a diamagnetic material behave 
when it is cooled at very low temperature? 
(ii) Why does a paramagnetic sample display 
greater magnetisation when cooled? Explain. 
Delhi 2012 


10. The susceptibility of a magnetic material is 
0.9853. Identify the type of magnetic material. 
Draw the modification of the field pattern on 
keeping a piece of this material in a uniform 


magnetic field. CBSE 2018 
it. Out of the following, identify the materials 
which can be classified as 
(i) paramagnetic 
(ii) diamagnetic 
(a) Aluminium (b) Bismuth 
(c) Copper (d) Sodium 


LONG ANSWER Type I Questions 


12. - Three identical specimens of a magnetic 
material, nickel, antimony, aluminium are kept 
in a non-uniform magnetic field. Draw the 
modification in the field lines in each case. 
Justify your answer. Delhi 2011 


13. Answer the following questions: 

(i) Why does a paramagnetic sample display 
greater magnetisation (for the same 
magnetising field) when cooled? 

(ii) If a toroid uses bismuth for its core, then will 
the field in the core be (slightly) greater or 
(slightly) less than when the core is empty? 

(iii) Is the permeability of a ferromagnetic 
material independent of the magnetic field? 
If not, is it more for lower or higher fields? 


(iv) Magnetic field lines are always nearly 
norma! to the surface of a ferromagnet at 
every point. (This fact is analogous to the 
static electric field lines being normal to the 
surface of a conductor at every point.) Why? 

(v) Would the maximum possible magnetisation 
of a paramagnetic sample be of the same 
order of magnitude as the magnetisation of a 
ferromagnet? NCERT 
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14. Answer the following questions. 

(i) Explain qualitatively on the basis of domaj 
picture the irreversibility in n 
magnetisation curve of a ferromagnet. 

(ii) The hysteresis loop of a soft iron piece has 
much smaller area than that of a carbo, 
steel piece. If the material is to go throy 
repeated cycles of magnetisation, which 
piece will dissipate greater heat energy? 

(iii) A system displaying a hysteresis loop such 
as a ferromagnet, is a device for storin 
memory. Explain the meaning of this 
statement. 

(iv) What kind of ferromagnetic material is used 
for coating magnetic tapes in a Cassette 
player or for building ‘memory stores’ in a 
modern computer? 

(v) A certain region of space is to be shielded 
from magnetic fields. Suggest a method. 

NCERT 


the 


15. A bar magnet of magnetic moment 6 J/T is 
aligned at 60° with a uniform external magnetic 
field of 0.44 T. Calculate (a) the work done in 
turning the magnet to align its magnetic 
moment (i) normal to the magnetic field, (ii) 
opposite to the magnetic field, and (b) the 
torque on the magnet in the final orientation in 
case (ii). CBSE 2018 


16. When two materials are placed in an external 
magnetic field, the behaviour of magnetic field 
lines is as shown in the figure. Identify the 
magnetic nature of each of these two materials. 

Delhi 2009C 


=~. 
-= E 


17. A sample of paramagnetic salt contains 2x10" 
atomic dipoles, each of dipole moment 
1.5x10°° J/T. The sample is placed under a 
homogenous magnetic field of 0.84 T and 
cooled to a temperature of 4.2 K. The degre? of 
magnetic saturation achieved is equal to 15%. 
What will be the total dipole moment of the 
sample for a magnetic field of 0.98 T and até 


temperature of 2.8 K? ncent | 
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,0NG ANSWER Type IT Question 


$ (i) Discuss briefly electron theory of magnetism 
1d. for diamagnetic and paramagnetic materials. 


(ii) Give two methods to destroy the magnetism 
of a magnet. 


NUMERICAL PROBLEMS 


9, Ifthe bar magnet in Q. 14 is turned around by 
` 180°, where will the new null points be located? 


NCERT 
20. Ashort bar magnet placed in a horizontal plane 
has its axis aligned along the magnetic 
North-South direction. Null points are found on 
the axis of the magnet at 14 cm from the centre 
of the magnet. The earth’s magnetic field at the 
place is 0.36 gauss and the angle of dip is zero. 


What is the total magnetic field on the normal 
bisector of the magnet at the same distance as 
the null point (i.e. 14 cm) from the centre of the 
magnet? (At null points, field due to a magnet is 
equal and opposite to the horizontal 

component of the earth’s magnetic field.) NCERT 


| HINTS AND SOLUTIONS | 


L (d) For diamagnetic substances, the magnetic 
susceptibility is negative, and it is independent of 
temperature. Therefore, choice (d) is correct in figure. 


X10 T—> 


(d) As H, <1 for substance X, it must be diamagnetic 
andy, >1 for substance Y, is must be paramagnetic, 


When paramagnetic materials are placed in external 
magnetic field, these are feebly magnetised in the 

. tection of the applied external magnelic field whereas 
'n case of diamagnetic materials, these are feebly l 
fae tized opposite to that of applied external magnetic 
le 


I ; 
Susceptibility of magnetic material x = F where / is 


the intensity of magnetisation induced in the material 
z H is the magnetising force. 

lamagnetism is due to orbital motion of electrons in an 
m developing magnetic moments opposite lo applied 
bi ld. Thus, the resultant magnetic moment of the 
‘amagnetic material is zero and hence, the 
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susceptibility y of diamagnetic material is not much 
affected by temperature. 

Paramagnetism and ferromagnetism is due to alignment 
of atomic magnetic moments in the direction of the 
applied field. As temperature is raised, the alignment is 


disturbed, resulting decrease in susceptibility of both 
with increase in temperature. 


. Refer to page 236 for diagram. 


Magnetic permeability of paramagnetic substance is 
more than air, so it allows more lines to pass through it 
while permeability of diamagnetic substance is less than 
air, so it does not allow lines to pass through it. Thus, 
diamagnetic substances expel magnetic field lines, while 
paramagnetic substances attract them. 


. The nature of the material A is paramagnetic and its 


susceptibility x,, is positive. 
The nature of the material B is diamagnetic and its 
susceptibility x,, is negative. 


- Both a superconducting material and nitrogen are 


diamagnetic in nature. When a ball of superconducting 
material is dipped in liquid nitrogen, it behaves as a 
diamagnetic material. When placed near a bar magnet, it 
will be feebly magnetised opposite to the direction of 
magnetising field. 

Because of this, (i) it will be repelled (i.e. move away 
from magnet) (ii) the direction of magnetic moment will 


be opposite to the direction of magnetic field of bar 
magnet, 


8. Here, Xmn,) =5X107° and Xmu = 10° 


Xm (Nz) _ 5X 10° 
Xm (Cu) 10° 
MV M M 
As, -/ MY = — = Pp 
H H HV Hm 
where, M = magnetic moment 


=5x10~ 


V = volume, m = mass and p = density 


M 
Xm ~ P, for given value of — 
Hm 


= — = — = 10x10" 
Xm (Cu) Pou 8 g/ce 


. (i) As, the resistance (electrical of metal decreases with 


decrease in temperature. 


But for diamagnetic substances, the variation of 
susceptibility is very small (O<y,<e) ie 
diamagnetic materials are unattected by the change in 
temperature (except bismuth), 

(ii) Paramagnetic materials when cooled due to thermal 
agitation tendency alignment of magnetic dipoles 
decreases. Hence, they shows greater magnetisation, 


. Given, susceptibility, x, = 0.9853 


As the susceptibility of material is positive but small. 


. The material is paramagnetic in nature. For 
paramagnetic material, magnetic lines of external 
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magnetic field will passes through the material without 
much deviation, when it is placed in between magnetic 


poles. 
The modification of the field pattern is shown in the 
following figure. 
Bo 
a 
à ee e 
e 
B> Bo 


Il. (i) Paramagnetic substance Aluminium, sodium ` 
(i) Diamagnetic substance Bismuth, copper, 
the susceptibility of the diamagnetic materials is small 
and negative, i.e. —1< Xm < 0, whereas for paramagnetic 
substance the susceptibility is small and positive, i.e. 
0< x,, <a, where a is a small number. 


12: 


Antimony 


oe 


——_— T 


The modification in the field lines shown in the figure are 
as such because 
(i) nickel is a ferromagnetic substance. 
(ii) antimony is a diamagnetic substance. 
(iii) aluminium is a paramagnetic substance. 
Refer to text on pages 236 and 237, 


13. (i) A paramagnetic sample displays greater magnetisation 
when cooled because at the lower temperatures, the 
tendency to disrupt the alignment of magnetic dipoles 
decreases due to the reduced random thermal motion 
of atoms or molecules. 

(ii) Bismuth is a diamagnetic element, so the magnetic field 
in the core will be slightly less than when the core is 
empty, because the diamagnetic substances are 
feebly magnetised in the opposite direction of magnetic 
field. 

(iii) No, the permeability of a ferromagnetic material is not 
independent of the magnetic fields. By observing the 
hysteresis curve, the value of permeability is greater for 
lower fields. 

(iv) The magnetic field lines are always nearly normal to the 
surface of a ferromagnet at every point because the 
value of permeability for ferromagnetic substance is 
always greater than 1 (p >>1). It is based on the 
conditions of B and Hat the interface of two media in the 
hysteresis curve. 

(v) Yes, the maximum possible magnetisation of a 
paramagnetic sample will be of the same order of 
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magnitude as the magnetisation ofa ferroma 
Although, the condition of saturation for 
paramagnets, requires very high magnetising 
fields which cannot be achieved. 


14. (i) To explain qualitatively the domain picture Of the 
irreversibility in the magnetisation curve of ; 
ferromagnet, we draw the hysteresis curve fr 
ferromagnetic substance. We can observe that th 
magnetisation persists even when the external field 
is removed. This gives the idea of irreversibility of, 
ferromagnet. 

(ii) As we know that, in hysteresis curve, the ener 
dissipated per cycle is directly proportional to the 
area of hysteresis loop. So, as according to the 
question, the area of hysteresis loop is more for 
carbon steel, thus carbon steel piece will dissipate 
greater heat energy. 

(iii) The magnetisation of a ferromagnet depends not 
only on the magnetising field, but also on the 
history of magnetisation (i.e. how many times it 
was already magnetised in the past). Thus, the 
value of magnetisation of a specimen is a record of 
memory of the cycles of magnetisation, it had 
undergone. The system displaying such a 
hysteresis loop can thus act as a device for storing 
memory. 


Bnet, 


(iv) The ferromagnetic materials which are used for 
coating magnetic tapes in a cassette player or for 
building memory stores in the modern computer 
are ferrites. The most commonly ferrites used are 
MnFe,Q,, FeFe,O,, CoFe,O,, NiFe,O, etc. 

(v) To shield any space from magnetic field, surround 
the space with soft iron ring. As the magnetic field 
lines will be drawn into the ring, the enclosed 
region will become free of magnetic field. 

15. (a) Given, magnetic moment, M = 6 J/T 
Aligned angle, 0, = 60° 
External magnetic field,B = 0.44 T 
(i) When the bar magnet is align normal to the 
magnetic field, i.e, 0, = 90° 
*. Amount of work done in turning the magnet. 
W =- MB (cos®, — cos0,) 
= = 6 X 044 (cos 90° — cos 60°) 
=+6x044 x4 l meen 
2 (and cos 60° =1/2 
=132) 
(ii) When the bar magnet align opposite to the 
magnetic field, ie. 0, = 180° 


“. W =- MB(cos180° — cos 60°) 


=-6x 0.44 (-1 - 1e cos180°=-!) 


=6x044x2=396J 
2 


(b) We know that, torque, 


T=M XB= MBsin® 
For case (ii), @ = 180° 


7 agnetis™ and Matter 


t= MBsin180° 
=0 
„~ Amount of torque is zero for case (ii) 


16. Material X is paramagnetic substance. When a 
specimen of a paramagnetic substance is placed in 
magnetising field, the lines of force prefer to pa ; 
through the specimen rather than through air Thus, 
magnetic induction inside the sample is more than the 
magnetic intensity. 

(ii) Material Y is ferromagnetic substance. These are the 
substances in which a strong magnetism is produced 
in the same direction as the applied magnetic field 
these are strongly attracted by a magnet exhibits 
highly concentrated lines of force. 


te sin180° = 0) 


, According to Curie’s law, x,, = C 


If T 
As magnetic susceptibility, y,, = = 
> = = and H= = 
V H 
MNV C 
> — =— 
Bu T 
CV ( B 
= =| e 
u \T 
For a given sample, CV /u = constant 
Thus, M= (3) 
T 
or M aBd 
M, B,T, 
Given, B, = 084 T, B, =098T 
Ti =4.2K, T; =28K 
The -Mep 004/422 
M, 098/28 7 
7 
= mea (7) | 
Initial total magnetic moment of the sample, 
Í M, =15% of (2x10 )(1.5x10* )=45J/T 
Thus, M, = Gs =7.9J/T 
l 4 
8. (i) Refer to text on page 236. h 
(i) We can destroy the magnetism of a magn 
(a) by heating it. ; 
(b) by applying magnetic field across it in reverse 
19, direction. 0°, then the cull 


When a bar magnet is turned by 18( ji 
Points are obtained on the equatorial me: distance d’ 
So, magnetic field on the equatorial line at 


Is Ziven by 


20. 


LAD 


This magnetic field is equal to the horizontal component 
of the earth's magnetic field, 


ry M f 
B' = =|.— =H aes 
4r d” " 
As we know that, 
‘Magnetic field, B, = Be SM H (ii) 
. 4n d? 
From Eqs. (i) and (ii), we get 
Ho M _ Wy 2M 
4n d? 4n @ 
1 2 
or —=— 
d” d’? 
3 3 
R PRCO A T 
2 2 
14 
or d= = 11.1 cm 
Gy” 


Thus, the null points are located on the equatorial line at 

a distance of 11.1 cm. 

Distance of the null point from the centre of magnet, 
d=1l4cm =0.14m 


The earth’s magnetic field, where the angle of dip is zero, 
is the horizontal component of the earth's magnetic field. 


i.e. H = 0.36 gauss 
Initially, the null points are on the axis of the magnet. 
We use the formula of magnetic field on axial line 


(consider that the magnet is short in length). 
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This magnetic field is equal to the horizontal component 
of the earth's magnetic field. 


i.e. B =—. -7 =H „(ì) 


On the equatorial line of magnet at same distance d 
magnetic field due to the magnet, 
„Bo M B8 E (ii) 


The total magnetic field on equatorial line at this point 
(as given in question), 


H 
a Ha 2x 0.36 
2 2 


= 0.54 gauss 
The direction of magnetic field is in the direction of 
earth’s field. 


SUMMARY 


The phenomenon of attraction of small bits of iron, steel, 
cobalt, nickel, etc., towards the ore is called magnetism. 


Magnetic materials tend to point in the North-South direction. 
Like magnetic poles repel and unlike poles attract each other. 


Cutting a bar magnet creates two smaller magnets. Therefore, 
magnetic poles cannot be separated, i.e. magnetic monopole 
Goes not exist. 


m 
Force between two magnetic poles is given by, F = = 2 
where k is magnetic force constant and is given by 
k = Mo 197 
4n 
The magnetic dipole moment of a magnetic dipole is given by 
M=mxal 


where, mis pole strength and 2/is dipole length directed fromS 
toN. The SI unit of magnetic dipole moment is A-m? or JTT! Itis 
a vector quantity and its direction is from South pole to North 
pole. 

Magnetic Dipole is defined as two magnetic poles of equal 
and opposite strengths separated by a small distance, e.g. bar 
magnet, compass needle, etc. 


The Magnetic Field Lines These are the imaginary lines 
which continuously represent the direction of magnetic field. 


Magnetic Field Strength at a Point due to Bar Magnet The 
force experienced by a hypothetical unit North pole placed at 
that point. 
(i) When Point Lies on Axial Line of Bar Magnet In this 
H,2Md 
4n(d* -/?/° 
(ii) When Point Lies on meg Line of a Bar Magnet In 


this case, B a 
4n(d? +1? 


case, B = 


Torque on a bar magnet in a uniform magnetic field is 


t= MBsine =MxB 


Oscillation of a Freely Suspended Magnet The Oscillation 
of a freely suspended magnet (magnetic dipole) in a uniforr, 
Magnetic field are SHM. 

eS 

MB 

Potential energy of a magnetic dipole in a magnetic field iş 
givenby U,=-MBcos@=-M-B 

where, 8 is the angle between M and B. ’ 

Magnetism and Gauss’ Law The number of magnetic fielg 
lines leaving any closed surface is always equal to the number 
of magnetic field lines entering it. 


The time period of oscillation, T =2n 


Magnetic Intensity i.e. H -2 
0 


Intensity of Magnetisation i.e. I =" 


Magnetic Induction (8) i.e. B= 9(H+/) 

Magnetic Susceptibility i.e. x,,=J/H 

Magnetic Permeability i.e. u =(B/H). | 
Relative Magnetic Permeability ie. u, =(u/to) 

Relation between Relative Permeability (u,) and Magnetic 
Susceptibility (xm) It is given by, p, =1+ Xm 


Magnetic materials are broadly classified as diamagnetic, 
paramagnetic and ferromagnetic. For diamagnetic materials. X 
is negative and small and for paramagnetic materials, itis 
positive and small. 


The magnetic susceptibility of a ferromagnetic materials varies 

as «x ———— or =——— 
MOTE) Oe THe) 

where, C is a constant. It is known as Curie-Weiss law and, 

is called Curie temperature. 


CHAPTER 


PRACTICE 


oBJECTIVE Type Questions 


Í 


, Cutting a bar magnet in half is like cutting. a 


solenoid, such that we get two smaller 
solenoids with 

(a) weaker magnetic properties 

(b) strong magnetic properties 

(c) constant magnetic properties 


(d) Both (a) and (b) 


2. Abar magnet of length 3 cm has points A and B 


Ww 


along axis at a distance of 24 cm and 48 cm on 
the opposite ends. Ratio of magnetic fields at 
these points will be 


24 cm 48 cm 
3 cm 
(a) 8 (b) 3 (c) 4 (d) 1/2V2 


. Ashort bar magnet placed with its axis at 30° 


with an external field of 800 G experiences a 
torque of 0.016 Nm. The magnetic moment of 
the magnet is 
(a) 4 Am? 

(c) 2 Am? 


(b) 0.5 Am? 
(d) 0.40 Am? 


- Abar magnet has magnetic dipole moment M. 


Its initial position is parallel to the direction of 
uniform magnetic field B. In this position, the 
magnitudes of torque and force acting on it, 
respectively are CBSE 2021 Term- 
(2) 0 and MB (b) MB and MB 

(c)Oand 0 (d)| M xB] and 0 


. Ifa diamagnetic substance is brought near the 


North or the South-pole of a bar magnet, then it 
S i 


(@) attracted by the both poles 
) repelled by both the poles 
€) repelled by the North-pole and attracted by the 
South-pole 


(d) attracted by the North-pole and repelled by the 
outh-pole 


6. 


Ferromagnetism show their properties due to 
(a) filled inner subshells 

(b) vacant inner subshells 

(c) partially filled inner subshells 

(d) all the subshells equally filled 


7. The relative permeability of a substance is 


0.9999. The nature of substance will be 
(a) diamagnetic 

(b) paramagnetic 

(c) magnetic moment 

(d) intensity of magnetic field 


. Hysteresis loss is minimised by using 


(a) alloy of steel 

(b) shell type of core 

(c) thick wire which has low resistance 
(d) metal 


ASSERTION AND REASON 


Directions (Q. Nos. 9-19) In the following 
questions, two statements are given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 


9, 


10. 


(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 

(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion, 

(c) Assertion is true but Reason is false. 

(d) Assertion is false but Reason is true. 


Assertion The true geographic North direction 
cannot be found by using a compass needle. 
Reason The magnetic meridian of the earth is 
along the axis of rotation of the earth. 


Assertion The axis of the dipole does not 
coincide with the axis of rotation of the earth 


but is presently tilted by approximately 11.3° 
with respect to the later. 


Reason The magnetic poles are located where 
the magnetic field lines due to the dipole enter or 
leave the earth. 
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11. 


i2. 


13. 


14. 


15. 


Consider the figure, 

Assertion Unlike in the case of bar magnet, the 
field lines go into the earth at the North 
magnetic pole (N „) and come out from the 
South magnetic pole (Sm). 

Reason The magnetic North was the direction to 
which the North-pole of a magnetic needle pointed; 
the North-pole of a magnet was so named as it was 
the North seeking pole. 


Assertion A magnetic needle, which is free to 
swing horizontally, would lie in the magnetic 
meridian and the North-pole of the needle 
would point towards the magnetic North-pole. 


Reason The line joining the magnetic poles is 
tilted with respect to the geographic axis of the 
earth, the magnetic meridian at a point makes 
angle with the geographic meridian.. 


Assertion When magnetic field is applied to a 
diamagnetic substance, those electrons having 
orbital magnetic moment in the same direction 
slow down and those inthe opposite direction 
speed up. 

Reason This happens due to induced current in 
accordance with Lenz's law and the substance 
develops a net magnetic moment in direction 
opposite to that of the applied field and hence 
repulsion. 


Assertion Susceptibility is defined or the ratio 
of intensity of magnetisation J to magnetic 
intensity H. 

Reason Greater the value of susceptibility 
smaller value of intensity magnetisation J, 


Assertion The pole of magnet cannot be 
separated by breaking into two pieces, 
Reason The magnetic moment will be reduced 


to half when a magnet is broken into two equal 
pieces. | hai 


16. 


17. 


18. 


19, 
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Assertion ‘Substances which at room 
temperature retain their ferromagnetic prope, 
for a long period of time are called permane,, 

nets. 
Heaton Permanent magnet can be made 4, 
placing a ferromagnetic rod in a solenoid ang 
passing current through it. 


Assertion Ferromagnetic substances are thos. 
which gets strongly magnetised when placed jp 
an external magnetic field. 

Reason The individual atoms (or ions or 
molecules) in a ferromagnetic material posses, 
a dipole moment as in a paramagnetic material. 


Assertion A paramagnetic sample displays 
greater magnetisation (for the same 
magnetising field) when cooled. 

Reason The magnetisation does not depends 


on temperature. 

Assertion The poles of a bar magnet cannot be 
separated. 

Reason Magnetic monopoles do not exist. 


CASE BASED QUESTIONS 


Directions (Q.No. 20) This question is case study 
based question. Attempt any 4 sub-parts from this 
question. Each question carries 1 mark. 


20. 


Dipole in Magnetic Fields 

To determine the magnitude of B accurately, a 
small compass needle of known magnetic 
moment m and moment of inertia J is allowed t? 


oscillate in the magnetic field. This arrangemet 
is shown in figure. 


(i) The torque on the needle is 
(a) t=2m xB (b) t=m xB 

(c) t=m xB/2 (d) t=mx2B 

(ii) Which of the following represents a simple 
harmonic motion? : 


(a) ~a mB 
dt? I 
(b) 40 __ mB 
dt? I 
(c) a0 mB 
dt I 
(a) 420 _ mB 
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ai) The time period of oscillation of the dipole is 


(a) 27 z (b) 2 | : 
a ae 2 
\ mB 5 2mB 


(iv) The magnitude of the magnetic field if time 
period is T is 


4n?] 2 
@) B= () B= I 
T mT? 
2 
T'I : 
gies (a) B=" 
2mT 2mT? 
(v) The magnetic potential energy U,, is given 
by 
(a) Un =-m-B 
(b) Um =m-B 
(c) U,, =2m-B 
(d) Un =-2m-B 


VERY SHORT ANSWER Type Questions 


2f. Name the physical quantity having unit J/T. 
CBSE Sample Paper 


12. What is the basic difference between magnetic 
and electric field lines? 


23, Ina submarine, a compass becomes ineffective. 
Why? 

24. Why is diamagnetism almost independent of 
temperature? | 


Ifa toroid uses bismuth for its core, will the 
field in the core be (slightly) greater or (slightly) 
less than when the core is empty? 

26. One cannot write the proportionality B = pH for 
the ferromagnets. Comment. 


27. “Alkali halides are diamagnetic rather than 
paramagnetic.” Explain why? 

28, The magnetic susceptibility of magnesium at 
300K is 12x10°. At what temperature will its 


Magnetic susceptibility become 1.44x10°? 
[CBSE 2019] 


S 


The magnetic susceptibility of x of a given 


Material is —0.5, Identify the magnetic material. 
` [CSBE 2019) 
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SHORT ANSWER Type Questions 


30. What is the net magnetic moment of two 
identical magnets each of magnetic moment My 
inclined at 60° with each other? 


31. What are the magnetic field lines? State their 
properties. Why two such lines do not intersect 
each other? 


32. Awire of length L is bent in the form of a circle 
of radius R and carries current I. What is its 
magnetic moment? 


33. Derive an expression for the torque acting on a 
bar magnet placed in the uniform magnetic field. 


34, Suppose you have two bars of identical 
dimensions, one made of paramagnetic 
substance and the another of diamagnetic 
substance. If you place these bars along a 
uniform magnetic field, show diagrammatically, 
what modifications in the field pattern would 
take place in each case? 


LONG ANSWER Type I Questions 


35. (a) State Gauss’s law for magnetism. Explain its 
significance. 
(b) Write the four important properties of the 
magnetic field lines due to a bar magnet. 
(CBSE 2019} 


36. Write three points of differences between para-, 
dia- and ferro- magnetic materials, giving one 
example for each. [CBSE 2019] 


37. Define magnetic susceptibility of a material. 
Name two elements, one having positive 
susceptibility and the other having negative 
susceptibility. What does negative susceptibility 
signify? 

38, Draw a plot showing the variation of intensity 
of magnetisation with the applied magnetic 
field intensity for bismuth. Under what 
condition does a diamagnetic material exhibit 
perfect conductivity and perfect diamagnetism? 


39, Explain the following: 


(i) Diamagnetism is the result of induced 
magnetic dipole moments. 

(ii) Hysteresis associated with a loss in 
electromagnetic energy. 
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40 Benin: 
- Ex 
Plain the Phenomenon of hysteresis in 


ieee Materials. Draw a hysteresis loop 
§ remanence and coercive force. 
LONG ANSWER 
H. (i) eae Magnet of magnetic moment M is 
1gned parallel to the direction ofa 
uniform magnetic field B. What is the 
work done, to turn the magnets, so as to 
align its Magnetic moment 
(a) opposite to field direction and 
(b) normal to field direction? 
(ii) Steel is preferred for making permanent 


magnets, whereas soft iron is preferred for 
making electromagnets. Give one reason. 


NUMERICAL PROBLEMS 


42. Calculate the magnetic induction at a point 
4 cm from the centre and along the equator of a 
bar magnet of length 6 cm and magnetic 
moment 0.26 A-m?. 


Type IT Question 


43. Abar magnet of length 0.1 m and a pole 
strength 10“ A-m is placed in a magnetic field 
of 30 Wb/m’ at an angle 30°. Determine the 
couple acting on it. 


| ANSWERS | 


3. (d) 4. (d) 5. (b) 


8. (d) 


(c) A compass is simply a needle shaped magnet that 
mounted so that it can rotate freely about a vertical axis. 
When it is held in a horizontal plane, the North-pole end 
of the needle points, generally, towards the geomagnetic 
North-pole (really a South magnetic pole). Thus, true 
geographic North direction cannot be found by using a 
compass needle. Now, vertical plane passing through the 
magnetic axis of earth's magnet is called magnetic 
meridian. 
. (b 
Ri nf If one looks at the magnetic field lines of the earth 
> one sees that unlike in the case of a bar magnet, the field 
lines go into the earth at the North magnetic pole (Nm) 
and come out from the South magnetic pole (Sm) 
The convention arose because the magnetic North was 
the direction to which the North-pole of a magnetic 
dle pointed; the North-pole ofa magnet was so 
was the North seeking pole. 


L (a) 2. (a) 
6. (oc) 7. (a) 


nee 
named as it 
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the North magnetic pole behaves lip, 


Thus, in reality. agnet inside the earth ang 


the South-pole of a bar m 
vice-versa. 
12. (b) A magne | 
horizontally would, li 
North-pole of the se 
magnetic North-pole. . a | 
Ti ne joining the magnetic poles is tilted with re, 
t ‘ie geographic axis of the Earth, the magnetic 
kailan at a point makes angle with the geographic 


meridian. 


13. (9 


14. (c) From the relation, susceptibility of the material iş 


tic needle which is free to swing 
e in the magnetic meridian ang the 
dle would point towards the 


Pect 


I 
=— = l= Lali 
km = H 
Thus, it is obvious that greater the value of 
susceptibility of a material greater will be the value of 
intensity of magnetisation i.e., more easily it can be 


magnetised. 
15. (b) 16. (b) 
17. (o : 18. (b) 19. (a) 
20. (i) (b) The torque on the needle is 
tT=mxB 


Magnitude of torque, T= mB sin 8 
(ii) (a) Torque on the needle 


t=mBsin® 
Here, Tis restoring torque and 8 is the angle between 
mand B. 
- a d°@ 
Therefore, in equilibrium | 7 = — mBsin® 
1? 


Negative sign with mB sin @ implies that restoring 
torque is in opposition to deflecting torque. For small 


values of 9 in radians, we approximate sin 6 = 6 and 
we gel 


> 
« 


18 Be or a8 __mBs 
dt dt“ I 
7 This represents a simple harmonic motion. 
(iii) (d) The square of the angular frequency is 
0" = mB/1I and the time period, 


T =2n ae or = 4°] 
mB mT? 
2 


(iv) (a) The magnitude of the magnetic field is B = ai t 
T 


(v) (a) An expression for magneti m 
: shetic ia rey 
also be obtained on ag potential energy 


; lines simi tatic 
potential energy, nes similar to electros 


Th meti . 
e magnetic Potential energy U „ is given by 


U,, = J 1(8) d0 = J mB sin 0 a0 


=(- mB cos 6) = -mB 


Magnetism 


2l. 


22. 


23. 
24. 
25. 


26. 


27. 


28. 


29, 


30. 


and Matter 


The torque acting on a bar magnet placed in a uniform 
magnetic field is 

tT=MXB 
where, M is the magnetic dipole moment and B is the 
magnetic field. 


= M= == Joule (J)/Tesla(T) 


+, Magnetic dipole moment (M) has unit of J/T. 
The magnetic field lines form continuous closed loops, 
whereas the electric field lines begin from a positive 
charge and end on the negative charge or escape to 
infinity. 
The body of a submarine is made of steel and other 
magnetic substances which causes the compass needle 
to deviate from the magnetic meridian. 
Diamagnetism is independent of temperature because 
the value of susceptibility (a measure of relative amount 
of induced magnetism) is always negative. 
Bismuth is a diamagnetic material. So, when it is kept in 
an external magnetic field the field lines are repelled and 
the field inside the material is reduced. 
For ferromagnets, we cannot write B = pH. because the 
relation between B and H is not linear and it depends on 
the magnetic history of the sample. This phenomenon is 
called hysterisis. 
The alkali halides are all diamagnetic because of the 
absence of unpaired electrons. So, they do not show 
paramagnetism. 
The susceptibility of magnetic material is inversely 
proportional to temperature, i.e. 

“ o 1 

km T 

Xm (300K) T 


Substance having (small) negative value (-0.5) of 
magnetic susceptibility 7, are diamagnetic. 


M= Jm? + M3 + 2M,M, cos @ 


_ 300 1.210" _ 
144 x10° 
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31. 
32. 


33. 
34. 


35. 


36. 


37. 
38. 


42 
43 
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Refer to text on page 222. 


As, L = 2nR 
=> pat 
an 
=> M=IA=1xnR’ 
yt 
=Inx—~=— 
4n 4r 


Refer to text on pages 224 and 225. 
Refer to text on pages 236 and 237. 


(a) Refer to text on page 227. 
(Magnetism and Gauss’ Law) 
(b) Refer to text on page 222. 
(Properties of Magnetic Field Lines) 
Difference between para-, dia- and ferro-magnetic 
materials 


Refer to text on pages 238 and 239. 
(Comparative Study of Magnetic Materials) 


Refer to text on page 235. 
Here, intensity of magnetisation varies inversely with 
magnetic field strength i.e., — I ~ H as shown in figure. 


Refer to text on page 236. 

(i) Refer to text on page 236. 

(ii) Refer to text on page 238. 
Refer to text on pages 237 and 238. 
(i) W = -MB (cos 8 cos 8y) 

(ii) Refer to text on page 238, 
Refer to Q. 29 on page 229. 
Torque, T= MfBsin® 


carrying conductor when kepti 
in this chapter, we will study 
the conductor (coil) 


Ny 
thar 
Ing 


ata current 


e. Now, 
i.e if we rotate 


we have seen th 


ious chapter 
In the previous chapter, force and torqu 


ai : magnetic field, experiences seat 
| | , the reverse phenomenon 1s aiso pa pi 
magnetic field, then the current W 


ELECTROMAGNETIC 
INDUCTION 


Current can be induced in the coils when these coils are rotated in a 

magnetic field. This has led to the alternate ways of generating current. Y CHAPTER CHECKLIST 

° Faraday’s Laws and 
Motional Electromotive Force 

e Self and Mutual Induction 


When electromagnetic induction was discovered, only source of emf 
available were those of chemical nature such as dry cells, but at present 
large-scale production and distribution of energy became possible because of 
this phenomenon of Electromagnetic Induction (EMI). Faraday and Henry 
independently discovered the principle of magnetically induced emfs and 
found methods to convert mechanical energy into electrical energy. EMI 
formed the principle of two important electrical devices namely, 
generator and transformer, which has revolutionised 
mankind. 


|TOPIC 1| 


Faraday’s Laws and Motional 
Electromotive Force 


The phenomenon of generation of current or emf by changing the m 
field is known as Electromagnetic Induction (EMI), The e 
conductor by the process of EMI is known as induced emf and if the cond 

is in the form of a closed loop, then the current flowing through the cond ictor 
is known as induced current. It is the reverse Process of riigner'e py 
production by electric current. The phenomenon of EM] was discovere rs 
Michael Faraday in 1831, which is not merely of theoretical or ac Fa y 
interest but also of practical utility. We cannot imagine a world i hii 
electricity, no electric lights, no trains, no telephones, no H no 


personal com 
S ; uters, 
Hence, today’s civilisation owes a great deal to the discovery of EMI. P 


electric 
the life styles of 


agnetic 
mf developed in the 


plectromagnetic Induction 


MAGNETIC FLUX 


e total number of magnetic field lines crossing through 
ony surface normally, when it ts placed in a magnetic field 
‘known as the magnetic flux of that surface, 


=> 0 


Suppose a loop enclosing an area A is placed in a uniform 
magnetic field B. Then, the magnetic flux through the loop 


is given by 


When the magnetic field is perpendicular to that plane of 
the loop, then magnetic flux will be 
Ọs = BA = maximum value wi) 


This means that B = "i i.e. magnetic field strength B is 


the magnetic flux per unit area and is called magnetic flux 
density or magnetic induction. 

When the magnetic field B is not perpendicular to area A 
rather it is inclined at an angle @ with respect to the normal 
to the surface. 


The magnetic flux becomes 


p =B-A=|B||A| cos 8 
= BAcos® (ii) 


where, @ is the smaller angle between B and A. 


Ifa plane is parallel to the magnetic field, 
then no field line will pass through it and B 
the magnetic flux linked with that plane 


From Eq.(ii), it is clear that the flux can be 
varied by changing anyone or more of the 
rms B, A and @. 

The flux can also be altered by changing the shape of the 
“oil (by stretching or by compressing) in a magnetic field or 
tating a coil in a magnetic field, such that the angle 8 

“Ween B and A changes. 
© SI unit of magnetic flux (bp) is tesla-metre square, 
Which is also called weber (abbreviate 
1 weber =1 Wb =! Tm? 


A 
n 


0= 90°, = 0 


25] 


1 weber is the amount of magnetic flux over an area of 

Im? held normal to a uniform magnetic field of 1 tesla (T). 

The CGS unit of magnetic flux (0 p) is maxwell (Mx). 
where, 1 weber =10* maxwell 

Magnetic flux is a scalar quantity and its dimensional 

formula is (ML?T~7A~']. 


EXAMPLE |1| A long solenoid of radius 4 cm, length 
400 cm carries a current of 3 A. The total number of turns 
is 100. Assuming ideal solenoid, find the flux passing 
through a circular surface having centre on azis of 
solenoid of radius 3 cm and is perpendicular to the azis of 
solenoid (i) inside and (ii) at the end of solenoid. 

Sol. 


—  1=400cm —4 


Number of turns per unit length is given by 


(i) Magnetic field of a solenoid at a point inside is 
B= ni 
Area of cross-section of the solenoid, A = mr* and 6 = 0° 
Magnetic flux, 
Ès = BA cos® 
=poni nr cos 0° 
=40 X107 x 25X3 xr X(3XIC F 
= 0.27 x10° Wb 
= 0.270 Wb 
(ii) At the end, magnetic field of solenoid is 


1 
B = -pani 
mai 


» 
bg = = 035p Wb 
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EXPERIMENTS OF 
FARADAY AND HENRY 


The discovery and understanding of electromagnetic 
induction are based on a long series of experiments carried 
out by Faraday and Henry. 

It is the relative motion between the magnet and closed coil, 
which is responsible for generation or induction of electric 
current in the coil. 

Whenever magnetic field linked with a closed coil changes, 
an emfis induced in the coil, which is called induced emf. 
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First Experiment 
(Current Induced by a Magnet) 


Onsider a coi] C of E A ‘ 
era coil C of few turns of conducting material 


insula i i 
We ited from one another and is connected to a 
Sensitive galvanometer G. 


Whenever there is a rel 
and magnet 
indicating tl 


ative motion between the coil 
» the galvanometer shows a deflection 
Nat Current is induced in the coil. 


EMI with a stationary coil and moving magnet 


Therefore, relative motion between the magnet and 
the coil generates electric current in the coil. So, the 
current generated is called induced current. 


Second Experiment 


(Current Induced by a Current) 

When the bar magnet is replaced by a second coil C, 
connected to a battery, the steady current in coil C, 
produces a steady magnetic field. As coil C, is 
moved towards coil C,, the galvanometer shows a 
deflection. This indicates that electric current is 
induced in coil C}. 


EMI with one coil stationary and another moving 


E T As moved away, the galvanometer shows 
a deflection again but this time, in the opposite 
direction. The deflection lasts as long as coil C, is in 


the motion. 
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. e t 
Third Experimen AS 
(Current Induced by Changing ) 


on 


pr’ 
EMI with changing current in one coil 


The figure shows two coils C, and Cy held ay Coil Ciis 
connected to galvanometer G, while the secon coil C 
connected to a battery through a tapping key K. 

It is observed that the galvanometer shows a momentary 
deflection when the tapping key K is pressed. If the key is pressed 
continuously, there is no deflection in the galvanometer. When 
the key is released, a momentary deflection is observed again bur 
in opposite direction. All experimental observations lead us to 
conclude that induced emf appears in a coil, whenever the 
amount of magnetic flux linked with the coil changes. 
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Note Presence of magnetic flux is not enough. The amount of magnetic 
flux linked with the coil must be change in order to produce an induced emi 
in the coll. 


FARADAY’S LAWS OF 
ELECTROMAGNETIC INDUCTION 


The two laws of electroma 


gnetic induction given by Faraday are 
stated below 


Faraday’s First Law 


c c 
Whenever the amount of m 


Se agnetic flux linked with a circuit 
changes, an emf is induced 


PA in it. The SI unit of this induced emfis 
k t ( y he actual number of magnetic field lines passing 
through the circuit does not depend on the values of the induced 


emf. Induced current is determined by the rate at which the 
magnetic flux changes, 


> 
Faraday’s Second Law 
The magnitude of the induced emf in 
of change of Magnetic flux 
Faraday's second law 


a circuit is equal co the mae 
through the circuit. Mathematically 
i can be expressed as, 
Induced emf œ Rate of change of magnetic flux 


g actromagnetic Induction 


es az db, 
je dt 


[~ rate of change of magnetic flux = hh) 
boty 

The negative sign in above relation indicates that the 
induced emf in the loop due to changing flux always 
opposes the change in the magnetic flux In other words, 
the direction of induced emf is such that it always opposes 
the change in magnetic flux linked with the circuit. In the 
ase of a closely wound coil of N turns, the change of flux 
associated with each turn is same. Therefore, the expression 
for the total induced emf is given by 


| e= ~ ye 
| dt 


The induced emf can be increased by increasing the number 
of turns N of a closed coil. 


Induced Emf and Current 


If Nis the number of turns and R is the resistance of a coil, 
and the magnetic flux linked with its each turn changes by 
dd in short time interval dt, then 


Induced emf in the coil, e = -N os 


Induced current flowing through the coil, 
e__N doy fuss 


R 


Electric charge flows due to induced current, 


q= Ide =F dpa 


EXAMPLE |2| A magnetic field of flux density 10 T acts 
normally to the coil of 50 turns having 100 cm’ area. Find 


emf induced, if the coil is removed from the magnetic field 
0,15 5, 


Sol Given, B=10T, N =50 turns, 
A =100 cm? =10°m*, dt =0.15s 
Magnetic flux linked with the coil initially, 
$, = NBA =50 x 10x10 = 5 Wb 
But magnetic flux linked with the coil finally, i.e. 
(when removed from the magnetic field), >, = 0. 


“ Emf induced, e= om (a -0 ) 
dt dt 
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EXAMPLE |3| A square loop of side 10 cm and 
resistance 0,5 Q is placed vertically in the East-West plane. 
A uniform magnetic field of 0.10 T is set up across the plane 
in the North-East direction. The magnetic field is decreased 
to zero in 0.70 s at a steady rate. Determine the magnitudes 
of induced emf and current during this time interval. 
Sol. Given, B =0.10 T, A =100cm? =10° m?,6 = 45° 
(as the angle made by area vector of the loop with 
magnetic field is 45°), 
R=052, dt =070s 
Initial magnetic flux, 6, = BA cos 6 
=010x10° x cos 45 


à | 
E cos 45> = — 
V2, 


As, final magnetic flux, 0, = 0 
. Magnitude of induced emf is 


o- 
S a ( dt |- 070 
=10°V =1.0mV 
<. Magnitude of induced current, 
We e 10° V 
R 052 
=2xl0°A 
=2 mA 


LENZ’S LAW 


According to this law, the polarity of emf induced is such 
that, it tends to produce a current which opposes the 
change in magnetic flux that produced it. 


Illustration of Lenz’s Law 


As the magnet is moved towards the 
loop, a particular amount of current is 
induced in the loop. The magnetic 
field is produced by the current, with 
magnetic dipole moment m oriented, 
so as to oppose the motion of magnet. 
Thus, the induced current must be 
counterclockwise as shown in the 
figure. When the North pole of a 
magnet moves towards a stationary 
loop, an induced current Z flaws in anti-clockwise sense as 
seen from the above, at which the magnet is located. 


254 


The anti-c R 
anti-clockwise sense corresponds to the generation of 


Nor thi i 
> th pole which Opposes the motion of the approaching 
-pole of the magnet. 


Motion 
Rest 


When the North pole of the magnet is moved away from 
the loop, the current / flows in the clockwise sense, which 
corresponds to the generation of South pole as shown in 
figure. The induced South pole opposes the motion of the 


receding North pole. 


Motion —— 


The directions of current induced in all above cases remain 
same, if instead of the loop, the magnet is kept stationary 
and loop is moved towards or away from it. 


ngs 
—— 


Rest Rest 


Motion Mation 


If both the loop and magnet are in relative motion w.r.t. 
cach other, the induced pole on the loop facing magnet is 
according to Lenz’s law. 
(i) When v, > v3, i.e. the loop is approaching towards 
N-pole, hence, induced pole in loop is N-pole. 


—s 


— 


(ii) When v, < v3, i.e. the loop is receding away from 
N-pole, hence induced pole in loop is S-pole. 


Y 
— n 


(iii) When loop and magnet having opposite directions of 
velocities, then loop is approaching towards N-pole, 
hence, induced pole in loop is N-pole. 


_ ï| 


Led 
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(iv) When loop and magnet having opposite T 
velocities and loop is receding away from on 
then induced pole in loop is S-pole. “Pole 


Thus, Lenz's law is used to find the direction 
induced current in a closed circuit. 0 


Note This topic has been frequently asked in previous years 2017 
2014, 2013, 2012, 2011, 2010. i 


Lenz’s Law and Conservation of Energy 


Lenz’s law is in accordance with Coil 
the law of conservation of energy. 


In the alongside circuit, when 
N-pole sof- magnet is moved 
towards the coil, che front face of 
the coil acquires North polarity. 
Thus, work has to be done against the force of repulsion in 
bringing the magnet closer to the coil. 

When N-pole of magnet is moved away, South pole 
develops on the front face of the coil. Therefore, work has 
to be done against the force of attraction in taking the 
magnet away from the coil. This mechanical work in 
moving the magnet w.r.t. the coil changes into electrical 
energy producing induced current. Hence, energy 
transformation takes place.When we do not move the 
magnet, work done is zero. Therefore, induced current i 
also zero. Hence, Lenz's law obeys the law of conservation of - 
energy. 


Fleming’s Right Hand Rule 


If we stretch the thumb, the forefinger and the central finge 

of right hand in such a way that all these three are mutually 
perpendicular to each other and if thumb represents he 
direction of motion of the conductor and the forefing” 
represents the diréction of magnetic field, then central fing 
will represent the direction of induced current as shown belo 


Motion of 


Induced current i 


plect™ 


capacitor 


acit 


Hint 


with the € 


magnetic Induction 


PLE jal In the given figure, a bar magnet is 


or. 


oil, increases, hence accordi 


will oppose the change. 


moved towards a conducting loop having a 
predict the polarity of the plates A and B of the 


All India 2014 


s: As, the magnet moves towards the coil, flux linked 


ng to the Lenz’s law, it 


Sol. Here the North pole is approaching towards the magnet, 
so the induced current in the face of loop viewed from 
left side will flow in such a way that it will behave like 
North pole or South pole is developed in loop when 
viewed from right hand side of the loop. The flow of 
induced current is clockwise hence, A acquires posilive 
polarity and B acquires negative polarity. 


EXAMPLE |5] A current carrying 

straight wire passes inside a 

triangular coil as shown in figure. 

The current in the wire is Q! 

perpendicular to paper inwards. 

Find the direction of the induced 

current in the loop, if current in the 

wire is increased. 

Sol. Magnetic field lines around the current carrying wire 
are as shown in figure below. Since, the lines are 
tangential to the loop ( @ = 90°), the flux passing 
through the loop is zero, whether the current is 
increased or decreased. Hence, change in flux is zero. 
Therefore, induced current in the loop will be zero. 


A 
O 


M 
FO 


nsider a uniform magnetic field B confin 


D and a coil PQRS is placed in 


tma 


t . 
th any Ume A the part PQ =S’R= y (0) 


Bnetic field. Let / be the lengt 


OTIONAL ELECTROMOTIVE 
RCE AND FARADAY’S LAW 


ed to the region 
side the magnetic field. 
f the coil is inside 
h of the arm of the coil. 


Inducing current by changing the 
area of the rectangular loop 


Area of the coil inside the magnetic field at time f, 
AS = QR x RS’ = ly 


Magnetic flux linked with the coil at any time t, 
$= BAS = Bly 
The rate of change of magnetic flux linked with the coi! is 
given by 


Dard’ = Biv k dy | 
dt 


where, v is the velocity with which the coil is pulled out of 
the magnetic field. 
If eis the induced emf, then according to Faraday's law, 


AL Pe e=- Biv 


From Fleming's right hand rule, the current due to induced 
emf will flow from the end R to Q, ie. along SRQP in the 
coil. This induced electromotive force (emf) Biv is called 


motional emf. 


Note When a conducting rod of length ? fixed at its one end moves 
on a circular path with angular velocity win a uniform magnetic field 


B normal to it, then induced emt produced in it ise = 5 Bul 


EXAMPLE |6| A wire of length 0.3m moves with a speed 
of 20 m/s perpendicular to the magnetic field of induction 
1 Wb/m’, Calculate the induced emf. 
Sol. Given, velocity, v = 20 m/s 
Length, l=0.3 m 
Angle, 0 = 90° 
Magnetic field, B= 1 Wh/m’ 


As, induced emf, e = Blv 
e=1X0.3X 20 =6V 
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EX 
AMPLE |7| A wheel with 10 metallic spokes each 


0.5 i i 

sie se S ou with a speed of 120 rev/min in a 

agmatine the horizontal component of the earth's 

what is the induc at a place. If, =0.4 gauss at the place, 

ws Í nduced emf between the axle and the rim of 
e wheel? Take, 1 gauss= 19~ T 


Sol. Induced emf : a= 
= =. ? 
Bol (1/2) WBR 


“w= 2nf = ani = an 


andl = 2R 
=(1/2) x 4T X0.4 x 107 x (0.5)? 
=6.28 x10" V 


The number of spokes is immaterial because the emf’s 
across the spokes are in parallel. 


ENERGY CONSIDERATION 
(A QUANTITATIVE STUDY) 


Let R be the resistance of 


bl x x x x x x x x x 
movable arm PQ of the x xSx x x x x||P x 

irregular conductor. We ~|~ xox x xfj M 
assume that the remaining ~ ;* sie 5 | hago 
arms QR, RS and SP have = |~ eee) A ~ 

ecard 5 x x x x x x xN 
negligible resistances x xpx x x x ips x 
x x x x x x x x x 


compared to R. 
Thus, overall resistance of the rectangular loop is R and this 
does not change as PQ is moved. 
Current / in the loop is given by 


..(i) 


Due to the presence of the magnetic field, there is a force on 
the arm PQ. This force is directed outwards in the direction 


opposite to the velocity of the rod. 
The magnitude of this force is given by magnetic force 


BI? 
j z a orf | 


Alternatively, the arm PQ is being pushed with a constant 
speed v. Power required to do this is given by 


B° y? 


The agent that does this work is mechanical energy. 
This mechanical energy is dissipated as joule heat and is 


i.e. 


...(ii) 


given by \2 
Blv 
_ 72 al] Ror 
P, = Ror P; ( R } 
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This is identical to Eq.(ii). 

Thus, mechanical energy, 
the arm PQ is converle 

then to thermal energy: 

d with a loop does not change whe, 

ng with the same velocity. 

axis without changing its 


which was required to Move 
d into electrical energy and 


Note The magnetic flux linke ; 
(i) magnet and loop are movi 
(ii), magnet Is rotated around its 


istance from the loop o 
dis a uniform magnetic field and the whole ot 


is moved in 
loop r n the field. 


the loop remains i 
Induced Quantities and 
Circuit 


(ili) 
Their Formulae 


Dependence SI unit 


‘ ms ofiRS Formula 
S.No. MT openi upon 
gx closed resistance 
n = __ dọ Open or 
1. Induced emf e=- closed No volt 
z oe Closed Yes 
2. Induced current =- Bot ose ampere 
Charge flown do 
3. due ‘A induced 9q =- Closed Yes coulomb 
current 
Power required a9: 
to pull a loop _ BIV" Open or 
¥ ee ofa ä R closed Yes watt 


magnetic field 


-a es = 


Induced Current in a Circuit | 
If Ris the electrical resistance of the circuit, then induced 
current in the circuit is given by 
T= E 
R 


If induced current is produced in a coil rotated in a uniform 
magnetic field, then 
3 NBAw sinwt 


I = = I, sinwt 
NBA 
where, J, = = = peak value of induced current 


N = number of turns in the coil, 

B = magnetic field, 

w = angular velocity of rotation 

A= area of Cross-section of the coil. 


ee |8| A square metal wire loop of side 20 ™ 

resistance 2 Q is moved with a constant velocity Yo" 
a Magnetic field of induction B = 1 Wb/ ma 
E E figure. The magnetic field lines 3° 
connected - to the plane of the loop. The loop # 
The fesistanc a network of resistance each of value 5% 
What sh ld es of the lead wires BF and AE are negligible 

Ould be the speed of the loop, so as to havé 


steady current of : 
2 h PEO 
current in the hee in the loop? Give the direction” 


jectromagnetic Induction 


¥ ` x 


| : |, Sn r “50 
= Wa F 50 gxi 
i. SN o 
| B gate, att 
2} WBS N i ’N 
F 
sol. From the figure, we see that, network CEDF is balanced 
Wheatstone bridge, so no current will flow in branch 


x x x 


CD, 
So, the equivalent resistance of CEDF network is 
_ 1010 
a oe 
10+10 


Resistance of loop = 2 Q 


R ioa = 2+ Reg =2+5= TR 
We know that, induced emf, e = Byl 


and induced current, j=— -= Brol 
Stott 7 
=> aig? rate X02 


Vo =7 107 m/s =7 cm/s 


As flux is decreasing, so induced current J will be 
clockwise. 


EXAMPLE Figure shows a rectangular conducting 
oopPORSin Rech arm RS of length /is movable. The loop 


s kept in a uniform magnetic field B directed downward 
erpendicular to the plane of the loop. The arm RS is 


noved with a uniform speed v. : 
xp x x xg x x x 
A v 
| x 
x Q » x X R x i is 


Deduce the expression for 
(i) the emf induced across the arm RS 
(ii) the external force required to move the arm and 
(iii) the power dissipated as heat. All India 2009 


Sol. According to the question, 
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(i) Let RS moves with speed v rightward and also RS is at 
distances x, and x, from PQ at instants 1, at tz. 
respectively, 

“ Att, flux linked with loop 1,2. PORS.6, = Klx,) 
Similarly, at instant ¢,, flux linked with loop 2, ie. 


POR’S’, 9, = Klx,) 

“, Change in flux, Ad = 6, - 6,= BI(x, - x,)= Bax 

= fla BI =e Bly “v= z] 
At Al At 


By Faraday’s law, magnitude of induced emf, e = vBL 


(ii) If resistance of loop is R, then I= = 


“. Magnetic force = IBI sin 90° = (2) Bl 


‘~ sin90°=1 
R [ J 


t External force must be equal to magnetic force and 
in opposite directions. 


: f BP 
s, Externabforce = ——— 


2 ZR? 
(iii) As, P=E2R =(=) «Reve! xp 


EDDY CURRENTS 


The currents induced in bulk pieces of conductors, when 
the magnetic flux linked with it changes, are known as eddy 
currents. These currents are always produced in a plane, 
perpendicular to the direction of magnetic field. They show 
both heating and magnetic effects. 
The magnitude of eddy current is given by 

i Induced emf _ 


e 
Resistance R 


According to Faraday’s law, e = - S, then l=- se 
The direction of eddy currents can be given by Lenz’s law or 
by Fleming's right hand rule, However, their flow patterns 
resemble swirling eddies in water. That is why, they are 
called eddy currents. These were discovered by Foucault in 
1895 and hence, they are also named as Foucault current. 
e.g. When we move a metal plate out of a magnetic field, 
the relative motion of the field and the conductor again 
induces a current in the conductor. The conduction 
electrons build up the induced current whirl around within 
the plate as, if they were caught in an eddy of water. This is 
called the eddy current. 


T. . 

Undesirable Effects of Eddy 
Currents i 
o na ments are produced inside the iron cores of the 
alse in che ae ps electric motors and dynamos and 
changes, AE a eee transtormers, which expenenee flux 
betaine wre pias p ni use. They cause unnecessary 
in ag power. The heat produced by eddy 

its may amage the insulation of coils. They 
are minimised by using laminations of metal to make a 
metal core. The laminations are separated by an 
insulating material. The plane of the laminations must be 
arranged parallel to the magnetic field, so that they cut 
across the eddy current paths. This arrangement reduces 


- 


the strength of eddy currents. 
Applications of Eddy Currents 


Eddy currents are useful in many ways. Some of the 
important applications of eddy currents are as given 
below 
(i) Electromagnetic damping In order to 
immediately bring the moving coil ofa 
galvanometer to rest, we make the use of 
electromagnetic damping which uses eddy 
currents to bring the coil to rest. When the coil 
oscillates, the eddy currents generated in the core 
oppose the motion and bring the coil to rest. 
Induction furnace In this, high temperature can 
be produced by using eddy currents. We generally 
use induction furnace in preparation of alloys by 
melting the constituents of metal. A coil is wound 
over the metal which needs to be melted and 
through the coil, we pass high frequency 
alrernating current. 
The eddy current generated in the metal produces 
high temperature to melt the metal. 
Electric power meters Old electric power meters 
(analog type) had a metallic disc. The disc rotates 
due to generation of eddy currents which are 
produced due to sinusoidally varying currents in 


the coil. 

Magnetic braking in electronic trains Some 
electric powered tains make use of strong 
electromagnets which are situated above the rails, 
These clectromagnets are used to produce eddy 
currents in the rails which oppose the motion of 
the train and thus stop it. In this case, as there is no 
mechanical linkage, the braking effect is smooth. 


(ii) 


(iii) 


(iv) 
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TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


(a) 6.0 mv 
(c) 4.5 mV 


Current in the coil is larger 


(a) when the magnet is pushed towards the coil faster 

(b) when the magnet is pulled away the coil faster 

(c) Both (a) and (b) 

(d) Neither (a) nor (b) 

The instantaneous magnetic flux linked with a 

coil is given by 6 = (5t -100¢ + 300) Wb. The emf 

induced in the coil at time t =2s is 

(a)—40V (b) 40 V 

(c)140V (d) 300 V 

There are two coils A and B as shown in figure. A 

current starts flowing in B as shown, when Ais 

moved towards B and stops when A stops moving 

The current in A is counter clockwise. B is kept 

stationary when A moves. We can infer that 
NCERT Exemplar 

(a) a is a constant current in the clockwise direction 

in 
(b) there is a varying current in A 
(c) there is no current in A 


(d) there is a constant current in the counter clockwise 
direction in A 


A B 


©; 


A horizontal straight wire 20 m long extending , 


n ss to west is falling with a speed of 5.0™ 

be ent angles to the horizontal component ° 

Re S Magnetic field 0.30x 107 Wom. The 
antaneous val 2 in the 

Wire will be ue of the emf induced in 

(b) 3mv 

(d) 1.5 mV 


fehe 


etic Induction 
gjectromagn 


{RY SHORT ANSWER Type Questions 


5, Two coils of wire A and B are placed mutually 
i perpendicular. When a current induced is 
changed in any one coil, will the current 
induced in another coil? 


6. Along straight current carrying wire passes 
normally through the centre of circular loop. If 
the current through the wire increases, will 
there be an induced emf in the loop? Justify. 


Delhi 2017 
7. What is the direction of induced currents in 


metal rings 1 and 2, when current Tin the wire is 
increasing steadily? 


All India 2017 


. Inthe figure given, mark the polarity of plates A 
and B of a capacitor when the magnets are 
quickly moved towards the coil. AllIndia2017C 


- The closed loop PORS of wire is moved into a 
uniform magnetic field at right angles to the 
plane of the paper as shown in the figure. 
Predict the direction of the induced current in 


the loop. Foreign 2012 
x x x x x x x x 
P Q 
x x x x x f >] 
S R 
x x x x x x x ¥ 


SHORT ANSWER Type Questions 


10, A current is induced in coil C, due to the motion 
of current carrying coil C, 


(i) Write any two ways by which a large 
deflection can be obtained in the 

__ Balvanometer G. 

") Suggest an alternative device to 


€monstrate the induced current in place Sel 
a galvanometer. Delhi 


12. 


B, 


i4. 


15. 


16. 
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. Acoil Qis connected to low voltage bulb B and 


placed near another coil P as shown in the 
figure. Give reasons to explain the following 
observations 

(i) The bulb B lights. 


(ii) Bulb gets dimmer, if the coil O is moved 
towards left. 


AL source 
B m= 


| 


UUVUUU = 


—o P 


Deihi 2010 
Two identical loops, one of copper and the 
other of aluminium are rotated with the same 
angular speed in the same magnetic field. 
Compare 

(i) the induced emf and 


(ii) the current produced in the two coils. Justify 
your answer. AN India 2010 


State Lenz's law. A metallic rod held 
horizontally along East-West direction, is 
allowed to fall under gravity. Will there be an 
emf induced at its ends? Justify your answer. 


Dethi 2023 
A bar magnet is moved in the direction 
indicated by the arrow between two coils PQ 
and CD. Predict the directions of induced 
current in each coil. All India 2012 


È Q _— C 2 
N S 
A 
A A 


Arectangular loop of length ? and breadth 6 is 
placed at distance of x from infinitely long wire 
carrying current i such that the direction of 
current is parallel to breadth. If the loop moves 
away from the current wire in a direction 
perpendicular to it with a velocity v, what will 
be the magnitude of emf in the loop? 


A metallic rod of length L is rotated with angular 
frequency ofw with one end hinged 


at the centre 
and the other end at the circumference of a 
circular metallic ring of radius L, about an axis 


passing through the centre and Perpendicular to 
the plane of the ring. A constant and a uniform 
magnetic field B parallel to the axis is present 
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17. 


18. 


everywhere. De 


duc > 
etween the e e the expression for the emf 


ntre and the metallic ring. 
Delhi 2012 


W hy is th oi g 
© alvanomete! 


isep i aeh surrounded by a wire with 
m switch as shown in the figure. If the 

witch is thrown from the OFF position (open 
circuit) to the ON position (closed circuit), will 
a current flow in the circuit? Explain. 


NCERT Exemplar 
(\ 
N N 
Bar y Bar 
magne! magnet 
Circuit open Circuit closed 


| Hints : The magnetic flux linked with a uniform surface 

| area A in a uniform magnetic field is given by 

| ©=B-A= BAcos@. So, flux linked will changes, only 

| when either B or A or the angle between Band A changes. 


19. 


20. 


24. 


A wire in the form of tightly wound solenoid is 
connected to a DC source and carries a current 
I. If the coil is stretched, so that there are gaps 
between successive elements of the spiral coil, 


will the current increase or decrease? Explain. 
NCERT Exemplar 


Hints: Here, the application of Lenz's law is 
tested through this problem. 


A solenoid is connected to a battery, so 
that a steady current flows through it. If an iron 
core is inserted into the solenoid, will the current 


increase or decrease? Explain. 
NCERT Exemplar 


(i) A metal ring is held horizontally and bar 
magnet is dropped through the ring with its 
length along the axis of the ring. What will 
be the acceleration of a falling magnet? 

(ii) Consider a metal ring kept on top of a fixed 
solenoid (say on a cardboard) (see figure), 
The centre of the ring 
coincides with the axis of the ZZ Ring 
solenoid. If the current is 
suddenly switched ON, the 


metal ring jumps up. Explain. 
NCERT Exemplar 
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th | 
LONG ANSWER Type I Questions 
i 's law to determine the direction 
22. Use Lenz® situations describe, 
induced current in the situations describe, by 
re. 
ngs ular shape turning into a 


23. 


gt. 


25. 


(i) A wire of irreg 
circular shape- . 
Acircular loop being deformed into a 


narrow straight wire. 


(ii) 


x xX xX x x x 
x 
Way > 
¢ 
x ; 
pee 
ox 
& 
Ax 
awa 
eo See 
x X X X X X 


Ametallic rod of length / is moved 
perpendicular to its length with velocity vin a 
magnetic field B acting perpendicular to the 
plane in which rod moves. Derive the 
expression for the induced emf. All India 2017C 


Figure shows a rectangular conducting loop 
ABCD in which arm CD of length a is movable. 
The loop is kept in a uniform magnetic field B 
directed downward perpendicular to the plane 
of the loop. The arm CD is moved with a. 
uniform speed v. 


Deduce an expression for 


(i) the emf induced across the arm CD 


(ii) the external force required to move t 
and 


(iii) the power dissipated as heat. 


(i) A rod of length /is moved horizontal 
a uniform velocity vin a direction jon 
Perpendicular to its length through 4 reg g 
in which a uniform magnetic field is wae 

vertically downward. Derive the ex Die 

for the emf induced across the ends of 


he am 


y with 


rod. if 
anal & 
(ii) How does one understand this motions the 


by invoking the Lorentz force acting ctor 
aia?” 


free charge carriers of the CO. 
Explain. Allin 


P 


sx 


omagnetic Induction 


metallic rod of length Zis rotated with a 
frequency vwith one end hinged at the centre 
and the other end at the circumference of a 
circular metallic ring of radius r, about an axis 
sassing through the centre and perpendicular to 
the plane of the ring. 

a constant uniform magnetic field B Parallel to 
the axis is present everywhere. Using Lorentz 
force, explain how emf is induced between the 
centre and the metallic ring and hence obtain 
the expression for it? Delhi 2013 


JONG ANSWER Type IT Questions 


7. 


28. 


Ametallic rod of length / and resistance R js 
rotated with a frequency v, with one end 
at the centre and the other end at the 
circumference of a circular metallic ring of 
radius /, about an axis passing through the 

centre and perpendicular to the plane of the 

ring. Aconstant and a uniform magnetic field B 

parallel to the axis is present everywhere, 

(i) Derive the expression for the induced emf 
and the current in the rod. 

(ii) Due to the presence of the current in the rod 
and of the magnetic field, find the expression 
for the magnitude and direction of the force 
acting on this rod. 

(iii) Hence, obtain the expression for the power 
required to rotate the rod. All India 2014C 


hinged 


State Faraday’s law of electromagnetic induction. 
Figure shows a rectangular conductor PORS in 
which the conductor PQ is free to move ina 
uniform magnetic field B perpendicular to the 
plane of the paper. The field extends from x = 0 
tox = 6 and is zero for x > b. Assume that only 
the arm PQ possesses resistance r. When the 
arm PQ is pulled outward from x = 0 to x = 2b and 
is then moved backward to x = 0 with constant 
speed v, obtain the expressions for the flux and 
the induced emf. 


Sketch the variation of these quantities with 
distance 0 < x < 2b. All India 2010 


So o e effec 


— 
Reese “ 
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NUMERICAL PROBLEMS 


29, 


30. 


31. 


M, 


33. 


A rectangular loop of area 20 em x 30 em is 
placed in magnetic ficld of 0.3 T with its plane 
(i) normal to the field 
(ii) inclined 30° to the field and 
(iii) parallel to the field, 
Find the flux linked with the coil in each 
case. 
The magnetic flux through a coil perpendicular 
to the plane is given by ġ = St? + 4t? + 2t, 


Calculate induced emf through the coil at t = 2s. 


A circular coil of radius 10 cm, 500 turns 

and resistance 2 Q is placed with its plane 
perpendicular to the horizontal component 

of the earth's magnetic field. It is rotated about 
its vertical diameter through 180° in 0.25 s. 
Estimate the magnitude of the emf and current 
induced in the coil. Horizontal component of the 
earth's magnetic field at the place is 3x 1075 T. 


NCERT Intext 


A magnetic field in a certain region is given by 
B = Bycos(wt)k and a coil of radius a with 


resistance R, is placed in the xy-plane with its 
centre at the origin in the magnetic field as 
shown in the figure. Find the magnitude and 
the direction of the current at (a, 0, 0) at 


NCERT Exemplar 


A wheel with 15 metallic spokes each 60 cm 
long, is rotated at 360 rev/min in a plane 
normal to the horizontal component of the 
earth's magnetic field. The angle of dip at that 
place is 60°. If the emf induced between rim of 
the wheel and the axle is 400 mV, calculate the 
horizontal component of the earth's magnetic 
field at the place. 

How will the induced emf change, if the 
number of spokes is increased? 


All India 2017C 
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ire 10 m long extending 
lling with a specd of 


7 ‘2 
(i) What Is the instantaneous value of the emf 
induced in the wire? 


(ii) What is the direction of the emf? 


(iii) Which end of the Wire is at the higher electrical 
potential? NCERT 


35. Ajet plane is travelling towards West at a speed of 


36. 


37 


38. 


1800 km/h. What is the voltage difference 
developed between the ends of the wing having a 
span of 25 m, if the earth's magnetic field at the 
location has a magnitude of 5x 10-4 T and the dip 
angle is 30°? NCERT 


Alm long conducting rod rotates with an angular 
frequency of 400 rad/s about an axis normal to the 
rod passing through its one end. The other end of 
the rod is in contact with a circular metallic ring. A 
constant magnetic field of 0.5 T parallel to the axis 
exists everywhere. Calculate the emf developed 
between the centre and the ring. NCERT 


A rectangular conductor LMNO is placedina 
uniform magnetic field of 0.5 T, The field is 
directed perpendicular to the plane of the 


conductor. 
„LxB x 


When the arm MN of length 20cm is moved 
towards left with a velocity of 10 ms”, calculate the 
emf induced in the arm. Given, the resistance of the 
arm to be 5Q (assuming that other arms are of 
negligible resistance), find the value of the current 
in the arm. All India 2013 
A rectangular loop of sides 8 cm and 2 cm with a 


small cut is moving out of a region of a uniform 
magnetic field of magnitude 0.3 T directed 


normal 
to the loop. What is the voltage developed across 
the cut, if velocity of loop is 1 ems” jn a direction 


normal to the 


39. 


40. 


41 
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%, 
? 
AR ie side of oe ieee 
long ao ced y 


last in cach case? y 


of side 20 cm is initial] 
A ego sam a region of a unio 
aneli field of 0.1 T as shown in the figu, 
It is then moved beaten the right with," 
velocity of 10 cm s” till it goes out Of the 
field. Plot a graph showing the Variation s 
(i) magnetic flux (6) through the loop ii 

time (t). 

(ii) induced emf (e) in the loop with time R 


(iii) induced current in the loop, if it has 
resistance of 0.1 22. 


4—x—4— x —n B L dove 

| ty er 

x— x— x S 

vod fade oP | 

i i a a 

30 cm | | be de] 
—_—— 

20 cm i feo 4.4 

-e X — X — X — x —_ x 

H— 80 cm ——_1 


A square loop of side 12 cm with its sides 
parallel to X and Y -axes is moved with a 
velocity of 8 cm/s in the positive x-direction 
in an environment containing a magnetic 
field in the positive z-direction. The field is 
neither a uniform in space nor constant in 
time. It has a gradient of 10`? T/cm along 
the negative x-direction (ie. it increases by 10 
* T/em as one moves in the negative 
x-direction) and it is decreasing in time at 
the rate of 10° T/s. Determine the direction 
and magnitude of the induced current in the 
loop, if its resistance is 4.50 mì. NCERT 


A circular coil of radius 8.0 cm and 20 tums 
rotated about its vertical diameter with an 
angular speed of 50 rad s`! in a uniform 
orizontal magnetic field of magnitude 
3x 10° T, Obtain the maximum and average 
emf induced in the coil. If the coil forms 4 
Closed loop of resistance 10 Q,then 
calculate the maximum value of current” 
the coil, Calculate the average power loss 


due to joule h k . owe! 
eating. oes this p 
come from? g. Where d NCERT 


y romagnetic Induction 


| HINTS AND SOLUTIONS | 


(o) Current will be larger, when the magnet is pushed 
` faster towards the coil, also current is large when 
magnet is pulled faster away but now it is in opposite 
direction. 
g, (b) Given, = (5t° ~ 1001 + 300), t= 2 


Induced electromotive force, 
d 
e=-—=-—(5t?-1 
a ae 00t +300) 


e =—5X3t° +100 = -5x3 (2)? +100 
= -5X12+100= ~60 +100 =40 V 
3, (d) When the A stops moving the current in B become 
zero, it possible only if the current in A is constant, If 


the current in A would be variable, there must be an 
induced emf (current) in B even if the A stops moving, 


4, (b) Induced emf across the ends of wire 
e = By, lv =0.30x 107% x 20x 5= 3 mV 


5. No, this is because the magnetic field due to the current 
in coil (A or B) will be parallel to the plane of the other 
coil (Bor A). Hence, the magnetic flux linked with the 
other coil will be zero and so no current will be induced 
in it. 


6. The flux created by straight current carrying wire is 
depicted in the figure. 
As, induced emf (e) «< rate of change 
of magnetic flux ($p) [À 
and 6, = B-A = BAcos 8 Q 
Here, BLA = 6, = BAcos 90°= 0 I 
So, induced emf = 0 
Hence, a change in current of wire 
will not create any emf in the loop. 

» Current in the wire is steadily increasing, so the induced 
current in rings 1 and 2 will flow in such a way that it 
opposes the increase of current. 

So, it will flow in same direction. Now, from the figure, it is 
clear that the direction of induced current in 
(i) ring 1 is clockwise, (ii) ring 2 is anti-clockwise. 
induced current 
1 (sy is clockwise 
> | (increasing) 
e) 
~ Induced current is 
anti-clockwise 

- From Lenz’s law, the direction of induced current is in 
Clockwise sense. This implies that plate A of the 
Capacitor is at the higher potential than plate B, “in B 

Will be negative plate, while A will be positive p ne 
* Since, magnetic flux increases, when the loop soe 
into a uniform magnetic field. So, the een 
should oppose this increase. Thus, the flow will be 
QPSRQ, i.e. anti-clockwise. 


10. 


11. 


12. 


13. 


14. 


15. 


” direction of current in the loop will be as shown in the 
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(i) Large deflection in the galvanometer can be obtained 
when change in magnetic flux is fast. So, according to 
the diagram given in question, 

(a) by moving quickly, the coil C, towards C, or by 
moving quickly the coil C, away from C,. 
(b) by switching off and on the key. 

(ii) Alternating device in place of galvanometer can be 
LED or bulb. 

(i) Due to varying current in P, the flux linked with P 
change and hence Q changes, which in turn induces 
the emfin Qand bulb Blights, where Pand Qare coils. 

(ii) When Q is moved left or it goes away from P, the 
lesser flux charge takes place in Q. This leads to 
decrease the value of rate of change of magnetic flux 
and hence, lesser emf and bulb B gets dimmer. 


(i) The induced emf in both the loops will be same as 

areas of the loop and time periods are same as they are 
‘identical and rotated with same angular speed. 

(ii) The current induces in Cu coil is more than Al coil as 


Cu coil has lesser resistance and I <= (for the 


same voltage). 


Lenz’s law states that the polarity of induced emf is such 
that, it tends to produce a current which opposes the 
change in magnetic flux that produced it. 


Yes, emf will be induced in the rod as there is change in 
magnetic flux. 


From the figure, it is clear that North pole of the magnet 
is moving away from coil PQ, so the direction of current 
at end Q will flow in such a way that it will oppose the 
away moment of North pole, so it has to act as South 
pole. Hence, the direction of current will be clockwise. 
Again, the South pole is approaching towards coil CD, 
so end C of the coil will act as South pole (to oppose the 
approaching South pole). Hence, the direction of current 
will be clockwise. 

When a metallic rod held horizontally along East-West 
direction, is allowed to fall freely under gravity, i.e. fall 
from North to South direction, the intensity of magnetic 
lines of the earth's magnetic field changes through it, i.e. 
the magnetic flux changes and hence the induced emf in 
it, When we increase the number of turns, the induced 
emf will increase because induced emf is directly 
proportional to the number of turns. 


Since, loop is moving away from the wire, so the 


figure. 


Net magnetic field on the loop due to wire, 
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16. 


17. 


18. 


19. 


20. 


2L 


B= SE - z|- o 
— 2n{x lx] 2nx (1+ x) 
' magnitude of the emf in the loop, 
Hoilvb 
2n x (i+ x) 


e=vBb= 


Angular velocity of rod, @ = > where T = time period 


<- Charge in flux in one revolution = BA = B(nL’) 
According to Faraday’s law of EMI, magnitude of 


induced emf, 
E T= z] 
w 


which is the required expression. 

On switching ON, the current in a galvanometer, the 
coil of the galvanometer does not come to rest 
immediately. It oscillates about its equilibrium position 
but the coil of a dead beat galvanometer comes to rest 
immediately. It is due to the reason that the eddy 
currents are set up in the metallic frame, over which the 
coil is wound and the eddy currents oppose the 
oscillatory motion of the coil. 

When the switch is thrown from the OFF position 
(open circuit) to the ON position (closed circuit), then 
neither B nor A and the angle between B and A does 
not change. Thus, no change in magnetic fluxdinked with 
coil occur, hence no electromotive force is produced and 
consequently, no current will flow in the circuit. 


When the coil is stretched, so that there are gaps 
between successive elements of the spiral coil, i.e. the 
wires are pulled apart which lead to the flux leakage 
through the gaps. According to Lenz's law, the emf 
produced must oppose this decrease, which can be done 


by an increase in current, So, the current will increase. 
When the iron core is inserted in the current carrying 
solenoid, the magnetic field increases due to the 
magnetisation of iron core and consequently, the flux 
increases. According to Lenz's law, the emf produced 
must oppose this increase in flux, which can be done by 
making decrease in current. So, the current will decrease. 


(i) As the magnet falls, the magnetic flux linked with the 
ring increases. This induces emf in the ring which 
opposes the motion of the falling magnet, hence a< g, 

(ii) When current is suddenly switched ON, magnetic flux 
linked with the solenoid and thus, with metal ring 
increases. Current is induced in the ring in 
anti-clockwise direction (as seen from top of the ring). 
Since, the direction of flow of current in the ring is 
opposite to the current in the solenoid, therefore they 
will repel each other and the ring jumps up. 


22. (i) Here. the dir 


26. Suppose the length of the rod is greater than the ra 
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h 


ection of magnetic field js pes 
cularly inwards to the plane of Paper. If 4 "Pend, 
turns into a circular shape ; ite 


irregular shape i ; 
ron increases (therefore the circular loop has a its 
area than the loop of irregular shape), so thera 


magnetic flux linked also increases. Now, the indy | 
current is produced in a direction such tha 
decreases the magnetic field, i.e. the current will f it 
in such a direction, SO that the wire forming the] 

is pulled inward in all directions (to decrease , 
area), ie. current is In anti-clockwise direction, ie 


along adcba. , 
(ii), When a circular loop deforms into a narrow straighy 


wire, the magnetic flux linked with it also decreg, 

The current induced due to change in flux wil] ieee 
such a direction that it will oppose the decrease p 
magnetic flux, so it will flow anti-clockwise, i.e. alonz 
adcba due to which the magnetic field produced will 


be out of the plane of paper. 


23. Refer to text on page 255. 
24. Refer to text Example 9 on page 257. 


25. (i) Refer to text on page 255. 


(ii) During motion, free electrons are 
shifted at one end due to magnetic force. 
So, due to polarisation of rod electric 
field is produced which applies electric 
force on free electrons in an opposite 
direction. 

At equilibrium of Lorentz force, 
F, + F,, =0 
where, F, = force due to electric field = gE 
F,, = force due to magnetic field = q(v x B) 
gE+q(vx B)=0 
= =-vxB=Bxyv 
> |E|= Bv sin8 
Case I If B, E and v are collinear, then charge! 
particle is moving parallel or anti-parallel. 
Case ll Ifv, E and Bare mutually perpendicular, ie, 
@=90°, then Lorentz force is zero which means 
particle will pass through the field without 9 
change. 
dius 


Pheer and rod rotates anti-clockwise. Suppo i 

ction of the rod at any instant be along positive 

y-direction and the direction of the magnetic field $ 

along positive z-direction. 

Then, using Lorentz law, we get the following, 
F=-e(vxB)=> F =-e(vjx Bk) 

ae Pen eai p. jxk =! 


a direction of force on the electrons is alone 
ie. the fi lus, the electrons will move towards the yen 
will hs end of the rod. This movement of elect 
df élec in current having the direction oppost' 
rons and hence, it will produce emf in the r 


| 


l 


plec 


promagnetic Induction 


petween the fixed end and the 
Let @ be the angle between the 
circle at any time t. 


point touching the ring. 
rod and radius of the 


Then, area swept by the rod inside the circle = L nro 


aA d {i 1 dQ 
s ind de =Bx—|-— 2 = Lgr? 
Now, induce mf x ; ( tr o) tr’ B 


1 
= gtr Bo = -nr Bony) = nêr iv 
97. (i) Refer to text on pages 255 and 256. 
(ii) Refer to text on page 256. 
(iii) Refer to text on page 256. 
98. For statement of Faraday’s law of electromagnetic 


induction. Refer to text on pages 252 and 253. 
According to the given figure. 


CaseI_ When PQ moves forward. 
(i) ForOS x< b 
Magnetic field B exists in the region. 
<. Area of loop PORS = Ix 
<- Magnetic flux linked with loop PORS, 


$= BA = Bix 
=> 6 = Bix 
(ii) For 2b>x2>b (b> x20) 
B=0 


“. Flux linked with loop PQRS is a uniform and given 
by 


’ = Bib 
=> x=b 
Forward journey 
Thus, for b> x >0 
Flux, = Bix => bx x 
For 2b>x2>b 
Flux, = Bbl 
Backward journey 
For b< x < 2b, 

$= constant = Bbl 
For0< x< b, 

= Bix 
Graphical representation 


Forward ! Return 
journey ! journey 


Case Il For 
As, (o) = Bix 


ü) 


[constant] 


[decreasing] 


29. 


d 
5 a ETN E -=| 
dt dt dt 
Induced emf, e=- = =— Bl 
' t 

For 2b2 x2 b, 

i do’ 
As, >’ = Bbl > d ee 
Forward journey 
For b>x20 => e=—vBl 
For 2b2 x2b => e=0 
Backward journey 
For b> x205 e=vBl 
For 2b> x2b, e=0 


Variation of induced emf 


Forward 


journey 
+ Bylp--------- 


Retum 
journey 


emf 


-Bvl 


Here, A = 20 cm x 30 cm =6 x 10° m? 
B=03T 


Let 8 be the angle made by the field B with the normal to 
the plane of the coil. 


(i) Here, @=90° -90° =0° 
So, flux, 6= BA cos 0 
$=0.3X6X10™ x cos 0° 
= 18x10 Wb 
(ii) Here, @ = 90° — 30° = 60° 
 =0.3X6X10™ x cos 60° 
=0.9x 10" Wb 
(iii) Here, 8 = 90° 
=0.3X6xX10" x cos 90° 


' b=0 
dp 
30. As we know that, eer 
As, =S? HAt? + 2¢ 
So, e=15t? +8 +2 
For t=2s, e=15X 248x242 


=60+16+ 2=78 V 


31. Here, radius, r=10cm=107' m, N = 500 turns 


Resistance, R = 2, 6, =0°, 8, =180° 
dt =0.25s, e =?, 1=?, B=3x10° T, 
A= mr =3.14(107')*? = 3.14 x 10° m? 
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32. 


33. 


34. 


= e=- Nid) _ N ($2 -9,) 
dt ~u 
= — NBA (cos 8, ~ cos @,) 
dt 
= _ 500X310 3.14 x107?(cos 180° — cos 0°) 
0.25 
= 2% 500x 3x 3.141077 
0.25 
3.8 x 107° 
2 
At any instant, flux passing through the ring is given 
by 6=B-A = BAcos0@= BA [0 =0) 
or 0=B,(nxa*)cosat [- B= B, cos wt] 
By Faraday’s law of electromagnetic 
induction, i 
the magnitude of induced emf is 
given by 
dọ eae 
= — = B,(ma*) Wsinwt 
az OCR) 


=3.8x10° V 


e 
= =1.9x107 A 


(Ol 


This causes flow of induced current, 
which is given by 

I = B,(na’) wsinwt/R 
Now, finding the values of current at different instants. 
So, we have current at 


=Z 5 {=a )©. siongij 
20 
A . m . 
Because sinwt =sin{o=] =sin—=1 
2m) 2 
2 
At pares p= Pale Ping =0 
(0) R 
g F T 
Because singt = sin | @ *)=sinx=0 
@ 
3 B (ra? 
At t=— > l= AULA LN ee 
29 R 


Because sin@t = sin — |= sin — = -1 
20) 2 


Refer to Example 7 on page 256, By =58 x 10°T 
The number of spokes is immaterial because the emf's 


across the spokes are in parallel. 
10m 


Given, velocity of straight wire, w 
È 
v=5m/s 
Horizontal component of the 
v=5 m/s 


earth's magnetic field, 
B = 0.30 x 10° * Wb/m?* 


Length of wire, /=10m 
(i) The emf induced in the wire, e = Bly sin 0 


Here, 0 = 90° 
. sin 9 =1 [v wire is falling at right angle to the 
earth’s horizontal magnetic field component) 
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e = 0.30 X107 4% 10x 5 
=1,5x10° V 
» fr i d i ht hand 
ling to the Fleming $ rigat rule, ; 
(ii) Accor, downward, then the direction of induce, 
will be from West to East. l 
iii) As the direction of induced emf is from West bk 
i the West end of the wire is at higher potent; s 
35. Given, speed of jet plane, 


5 
y= 1800 km/h = 1800 x TA 


' 


em 


= 500 m/s 
and / = distance between the ends of the wings = 25m 


The magnitude of magnetic field, 
B=5X10 T 


Angle of dip, 6 = 30° 
Use the formula of motional emf, 
e= B,w or e=(Bsin 5) v 
[~ vertical component of the earth’s magnetic field, 
By = Bsinĝ] 
=e =5x10 ‘sin 30° x 500 x 25 =3.1 V 
Thus, the voltage difference developed between the ends 
is 3.1 V. 
36. Refer to Example 7 on page 256, e =10 V 


37. Given, B=0.5 T 
!=20cm=0.2 m 
v=10ms"' 
emf induced |e|=|Bly|=|-05 x 0.2x10|/=1 V 


38. Here, area, A = 8x 2=16cm* =16 X107! m? 
B=0.3T, v=Icm/s=10™ m/s 


Induced emf, e =? 
(i) When velocity is normal to longer side, 


!=8cem=8x10~ m 
e = Blv =0.3 x8 x10 x10 
=24x10ŻV 
Induced emf lasts till the loop comes out of field. 
Distance covered by coil in uniform 


Time,t=—— magnetiche 


Velocity of the coi! 


l=2cm=2x10? m 
e = Blv=0.3 x 2 x10? x 107 
=0.6x 10 y 
. The induced Voltage lasts for time; 


romagnetic Induction 


Distance covered by coil in uniform 


magnetic field 
Be Naolasin ne 
Velocity of the coil 


_ 8x10" 
10° 
39, Given. [= 20cm =0.2 m, 


 =0.1ms7 
(i) Magnetic flux through loop 6 = B-A = Bix 
Quy = 0:1 0.20.2 
= 0,004 Wb = 4 x10° Wb 


g=0.1T, v =10cms 


4 
(Wb) 
4x10% 


0 t (s) 
(ii) Induced emf, €= 2 = -Bly 
c 


[El max = 0.1 X 0.2 X 0.1 = 0.002 V 


=2x10°V 
x X x x x 
E ee ee eee 
Ci 
x=. 2 E — x — £ —x 
| | | 
x x x x 
l | | | 
» x x x 
2x19" 
t(s)—> 
anaes 
2x10” 2z 
(iii) Induced current, =E 2x0 A 


r 
if t(s)—> 
-2x10 


i Given, side of loop, a=12 cm 
“Area of loop, A =a? = (12)? =144 cm? =144 X10 im? 


Velocity, v=8cm/s=8Xx10° m/s [X-axis] 
Rate of change of magnetic field with distance, 
dB =10°T/cm [negative X-axis] 


dx 
Rate of change of magnetic field with time, 


dB = 10° T/s 


dt 


Al. 
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Resistance of the loop, R = 4.5 mQ = 4.5 x 10° Q 


Rate of change of magnetic flux with respect to time, 
dt 
= 10° x 144 x10 
= 1.44 x 10° Wb/s 


Rate of change of magnetic flux due to the motion of 
loop, 
a B® 210 x 144x107 x8 
dt dx dt 


pike veloci] 
dt 
= 11.52x 10 Wb/s 


Both of the effects cause a decrease in magnetic flux 
along the positive z-direction. 


Total induced emf in the loop, 
e= 1.4410" + 11.52x 10° $ 
€ = 12.96 x10 * V 
Induced current in the loop = Sa 1296x 10" 
R 45x10? 
=2.88x107 A 


The direction of induced current is such as to increase 


the flux through the loop along positive z-direction, i.e. 
induced current will be anti-clockwise. 


Given, radius of coil, r = 8.0cm = 8 x 10° m 
N = 20 turns, w = 50 rad s™', 
B=3x10°T ,e,=?,e,, =? 
Resistance, R=10 Q, P=? 


As, e= NABO = N (nr) Bo [A= rr] 


2 -2y -2 
eg = 20x Z x (8x 10°}? x3 x10? x 50 
7 


e, =0603 V 
Average value of emf induced over a full cycle, 
ew =0 
€p _ 0.603 
Inas = = — = 00603 A 
"O R10 


Average power dissipated, 
eolo _ 0.603 x 0.0603 
P. ze = 
2 2 

P, = 0.018 W 
The induced current causes a torque opposing the 
rotation of the coil. An external agent (rotor) must 
supply torque (and do work) to counter this torque in 
order to keep the coil rotating uniformly. Thus, the 


source of power dissipated as heat in the coil is the ` 
external rotor. 


ITOPIC 2| 
Self and Mutual Induction 


INDUCTANCE 


Flux linkage of a closely wound coil is directly proportional 
to the current /, 


i.e. O 
If the geometry of the coil does not varying with time, then 
dòp dal 
sd OR 
dt dt 


For a closely wound coil of N turns, the same magnetic flux 
is linked with all turns. The flux 6, through the coil 
changes, each turn contributes to the induced emf. 
Therefore, flux linked with the coil (flux linkage) is equal to 
NO p. In this case, 

Toral flux, Nog xl 

The constant of proportionality in this relation is called 
inductance. Therefore, inductance is basically a measure of 
the ratio of the flux to the current. 

The SI unit of inductance is the tesla-square metre per 
ampere {T -m ?/A). We call this as henry (H), named in the 
honour of American physicist Joseph Henry, who 
discoveres the law of induction and a contemporary of 
Faraday and its dimensions are [ ML’ TA AL 


Thus, 1}H=1T-m7/A 


Inductance is a scalar quantity which plays same role in an 
electrical circuit as played by inertia in mechanics. It 
depends only on the geometry of the coil and intrinsic 
material properties. 


SELF-INDUCTA NCE 


Ir is the property of a coil by virtue of which, the coil 
opposes any change in the strength of current flowing 
through it by inducing an emf in itself. This induced emf is 
also called back emf. When the current in a coil is switched 
ON, the opposes the growth of the current and when the 
current is switched OFF, the self-induction opposes the 
decay of the current. So, self-induction is also called the 
inertia of electricity. 


Coefficient of Self-Induction 


Let us consider a coil of N turns carrying a current [ Leto 
be the magnetic flux linked with each turn of the oll. 
Then, the number of flux linked through the coil win 
be N Ga gh the coil wil] 


terials (iron, etc.) are present neg th 
t 


i a 
magnetic m4 a ; 
apie the number of flux linkages with the sit 
a > Le. 
sroportional to the current I; 
pro} a 


Nog oc / or No»z 

> cient of self-i sof 
where, L is constant called the coeffi self. induction 
f the coil. 


or self-inductance 0 


By the above equation, We have 
N Ọs 
a I (i) 


IfI =1, then L=N Ẹg- 

the coefficient of self-induction of a coil i, 
e number of magnetic flux linkaes 
flowing through the col 


Hence, 
numerically equal to th 
with the coil when unit current 1s 


If on changing the current through the coil, the back emf 
induced in the coil be e, then by Faraday’s law, we have 
Abs _ AUN Gn) 

At At 


where, A (N p )/At is the rate of change of magnetic flux 
(due to change of current) in the coil. But NO, = LI. 
g B 
— ACD) L Al 
At At 

where, Al/At is the rate of change of current in the coil. The 
negative sign indicates that the induced emf ¢ is always in 
such a direction that it opposes the change of current in the 
coil. From the above formula, we have 

inna wlll 

Al/At 
H AT/At=1, then L =e (numerically). 
a the coefficient of self-induction of a coil i 
ie red equal to the emf induced in the coil when thé 
a Ki change of current in the coil is unity. 
We S unit : : 
ae Hof the coefficient of self-induction is henty (H) 
self-i mensions are [ML2T A ~ }. Thus, the 
el-inductance of a coil j i fo 
Ivolt is set up in el 7 henry when an induced em e 
rate of 1 ampere F coil due to a current changing 4! 
Per second in the coil, i.e. 


l volt 


e= -N 


l henry = 
l ampere/second 


Thus, as before, 1 H= l Vs A`! = Wb A7! 


But fi i 
rom Eq, (i), ] henry si weber/ampere 


pectromagnetic Induction 


= smaller units for L are millihenry (mH) and 
gicrohenty (uH). 
1 mH = 107? H, 1 uH =10~° H 
When two coils of coefficient of self-induction L, and L, are 
0 connected in series, then L = L + L. 


l 1 1 
llel, then — = — 4+ — 
A connected in para en T L +—, 


E 
self-Inductance of Long Solenoid 


adong solenoid is one whose length is very large as 


compared to its area of cross-section. The magnetic field B 


a any point inside such a solenoid is practically constant 


and is given by 
NI 
pate =W nl E n=l. (i) 
l l 
where, Ho = magnetic permeability of free space, 


N = total number of turns in the solenoid, 
l = length of the solenoid 


and n= number of turns per unit length. 


-a Magnetic flux through each turn of the solenoid, 


= B x area of the each turn 


o=(uo 7 }4 


where, A = area of each turn of the solenoid. 


Total magnetic flux linked with the solenoid 


= Flux through each turn X Total number of turns 


NO=py=-IAxN (ii) 
IFL is coefficient of self-inductance of the solenoid, then 
; Nọ = LI (iil) 
From Eqs. (ii) and (iii), we get 
N N’A 
U=p AxN or r= 


core of any other magnetic material p is placed, then 
H=U5 p, [p, = relative magnetic permeability] 


_ Holt NA 
/ 


N - in previ 
ae This topic has been frequently asked in previous years 2015, 
2013, 2012, 2011, 2010. 


L 


XAMPLE |1| Current in a circuit falls steadily from 
“0A to 0.9 A in 10 ms. If an average emf of 200 V is 


induced i he circuit. 
ca -inductance of the cl 
lculate the self Foreign 2011 


269 


Sol. Given, Al=- 2A, At =10%10"s 
e=200V, L=? 
‘Induced emf, e =- L Ar = 200=- L (=) 
At 10x 10 
= 200=L x 2x 10° 
. Self-induction, L = 1 H 


EXAMPLE |2| what is the self-inductance of a solenoid 
of length 40 cm, area of cross-section 20 cm’ and total 
number of turns is 800? 


Sol Given, [=40cm=0.4m 
A = 20cm? = 20x 10“ m? 
N =800,L=? . 
L = HoNTA _ 4m x 107 x (800)? x 20x 10 * 
be 0.4 
= 4.02k10°H 


EXAMPLE |3| In the circuit diagram shown in figure, 

R=10 9, L=5H, E=20V, I=2A. This current is 

decreasing at a rate of -1.0A/s. Find V,, at this instant. 
a R l L ; 


mim m 


Sol. Potential difference across inductor is given as 
ee eee ae 
Vv, =L7=(6)(-10)=-5V 
Now, using Kirchhoffs second law, V, - IR- V, - E = V, 
Va =V,-Vp= E+ IR+V, 
= 20 +( 2)(10)-5 
=35V 


Energy Stored in an Inductor 


The energy of a capacitor is stored in the electric field 
between its plates. Similarly, an inductor has the capability 
of storing energy in its magnetic field, 


l (Increasing) 


— mmm 
—|— 


An increasing current in an inductor causes an emf between 
its terminals. 


The work done per unit time is power, 


dI 
P =— = -eę] = - [I — 
dt Í wh 
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From dW =- dU 

or dw dU 
w => Pi we have 

dU _ dl 

a Ua 

or dU = LI di 


The total energy U supplied while the current increases from 
zero to a final valuc / is 


I > 
U=Lf d=} 
oo 2 


2 W=U=-1| 
| 2 j 


Energy stored per unit volume(V) in magnetic field is known 
as energy density. 


wd 
= 


te 
2 Wy 
Thus, if J =1A, then 2W = L 

Hence, the coefficient of self-inductance is equal to twice the 


work done in establishing a flow of one ampere current in the 
circuit. 


EXAMPLE |4| Two coils having  self-inductances, 
L, =5mHand L, = 1mH. The current in the coil isincreasing 
at same constant rate at a certain instant and the power 
supplied to the coils is also same. Find the ratio of 
(i) induced voltages (ii) currents 
(iii) energy stored in two coils at that instant. 
Sol. Given, L, =5mH and L, =1mH 


| Energy density == 


(i) As we know, induced voltage is given by e = Edi 
> fad, hiss a) 
e, L,(dlidt) L, 1 
(ii) Power in the coil is given by 
P=el 
Here, =F, = €,1,=0,1, = Iet 
l e 
Using Eq. (i), we can write as, h =-s=]:;5 


h 


(iii) Energy stored in a coil is given by U = 1 Li? 
2 


U, (1/2), 12 


2 
-*(2) =1:5 
1\5 
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; p- uppose a cube of volume 2 
lee rive cates of a circular ie of radiu 3 i 
carrying current 2A. Find the magnetic energy a 
inside the cube. 

Sol. 


Magnetic field at the centre of the circular loop is 


0 


given byB = oR’ 


2 


We know, energy density, H = - and energy stored 


0 
in the cube will be given by 
U =UV; 


= — Vo 


oO 
where, V, is the volume of the cube. 
Substituling the values in the above equation, 
dlg eal y = Hol Vo 
ot. (2R) ° 8R 
2 4m 107 x 2° x 2x10" 
8x (0.05)° 


MUTUAL INDUCTANCE 


The phenomenon according to which an opposing emfis 
produced in a coil (i.e. primary coil) as a result of change 
in current or magnetic flux linked with a neighbouring 
coil (i.e. secondary coil) is called mutual induction. 


K 
pP 
ET 
Mutual induction 


Coefficient of Mutual Induction 


Let a current of / 
Due to this curre 


=16rx10™"]J 


1ampere flows in the primary coil y } 
turn of the « nt, the magnetic flux linked with & 
of turns ‚° Secondary coil ($) be 2. IFN, is the p : 

a A t 2 H . k a 
i € coil will be N65. This number of 


inkages is í 
5 proportional i in 
ri at to th win 
primary coil, ie. € current rA flo g 


Nab, di or Nj, = MI, 


netic Induction 
' jromag 
pec 


M is a constant called the coefficient of mutual 


wher. on or mutual inductance of the two coils. From the 
aduc . 
inte equation, we have 
N 
abo No, 
M =—382 
l 
=|, then M=N,, 


ih e ce toms 

Hence, the coefficient of mutual induction of two coils is 
yal to the number of magnetic flux linkages in one coil 
hen a unit current flows in the other, 

w = 


ifon changing the current in the primary coil, the emf 


induced in the secondary coil is e 2 then according to 
faraday’s law, we have 


y Abs AN 0) 


— At At 
where, A, /Ar is the rate of change of magnetic flux in the 
scondary coil (due to change of current in the primary 


coil). But N0, = MI. 


¢)= 


where, A7, /At is the rate of change of current in the 
primary coil. The negative sign indicates that the direction 
ofemf induced in the secondary coil is always such that it 
opposes any change in current in the primary coil. 

From the above expression, we have 


Mutual inductance, M = — 


FAN /At = 1, then M =e, (numerically) 


Hence, the coefficient of mutual induction of two coils is 
“qual to the numerical value of the induced emf in one coil 
When the rate of change of current in other coil is unity. 


The S] unit of the coefficient of mutual inductance is henry 
- Thus, the mutual inductance of two coils is 1 henry 
“hen an induced emf of | volt is set up in one of them due 


0 . R . 
a current changing at the rate of 1 ampere per second in 
€ other 


i, con lvolt 


1 ampere/second 
IH=1VsA7'=1 WbA” 

* coefficient of mutual induction or mutual inductance 
“o coils depend on 

i) 8€ometry of two coils, i.e. size of coils, their shape, 

number of turns, nature of material on which two 

_ Coils are wound. 

ai distance between two coils. 


Ul) relative placement of two coils (i.e. orientation of the 
two coils), 


Or 
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Mutual Inductance of 
Two Long Coaxial Solenoids 


Consider two long solenoids 5, and S, of same length /, 
such that solenoid §, surrounds solenoid 5, completely. 


I, S2 l 


nor a 
' ye 


rn # 
Oe oy 


Two long coaxial solenoids of same length / 


Let n, be the number of turns per unit length of S,, 7, be 
the number of turns per unit length of S,, /, be current 
passed through solenoid 5, and 6,, be flux linked with S; 
due to current flowing through S, . 
2, 4) or b,,=M,, J, 
where, M ,, is the coefficient of mutual induction of the 
two solencids. 
When. current is passed through solenoid S, an emf is 
induced in solenoid S,.Magnetic field produced inside 
solenoid S, on passing current through it. 
By = [yn 1 i 
Magnetic flux linked with each turn of solenoid S. will be 
equal to B, times the area of cross-section of solenoid Si: 
Magnetic flux linked with each turn of the solenoid 
2=B,A. 
Therefore, total magnetic flux linked with the solenoid S, 
will be - 
Dn =B AXnm l 
Slol XAXn l 
n =Mou trad, l 
Ma =Honyn, Al 
Similarly, the mutual inductance between the two 
solenoids, when current is passed through solenoid S, and 
induced emf is produced in solenoid $ | and is given by 
My) =Wonyn, Al 
My,=M,=M 
Hence, coefficient of mutual induction betw 
solenoids, 


<li) 


(say) 
een two long 


M=[tynin, Al 
We can rewrite Eq. (i) as, 


Ni (Na) > 
M =no( 4) 22) an’ xi 


RoN NA 
l 
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If co : : 
re of any other Magnetic material u is placed, then 


| M — Molt, VN A | 
l 


Wote This topic has been tr i i 2 
equently asked in previous years 2015, 
2013, 2012. 2011, 2010 f di : i 


EXAMPLE 16| There are two coils, which have mutual 
inductance of 10 H. When the circuit is closed, current in 
the primary coil is raised to 3 A within a time range of 
1 millisecond. Calculate the emf induced in secondary coil. 
Sol Given. mutual inductance, M = 10H 

Change in current, dl =3A 

Change in time, dt =1 millisecond = 10°s 

emf induced, e =? 

: R eee MdI 
emf induced in secondary coil is given by e = FF 


x 
<- emf induced =~ =3x 10* V 
1 


EXAMPLE |7| Aim long solenoid with diameter 2 cm 
and 2000 turns has a secondary coil of 1000 turns wound 
closely near its mid-point. What will be the mutual 


inductance between the two coils? 


2 is 
SoL Given, /=1m.r= Fia =1cm=10°m 


N, = 2000, N, =1000, A = nr°= n (10°)? m? 
=nx10 m”, M=? 
<. Mutual inductance between the two coils is given by 
j- HoN NDA _ 4m x10” x 2000x1000 x mx 1074 
I 10” 
= 78.9x10° H 


A 


EXAMPLE |8| A circular wire 
loop of radius R is placed in 
the XY-plane centred at the origin 
0. A square loop of side a (a << R) 
having two turns is placed with its 
centre atz = V3 R along the axis of 
the circular wire loop, as shown in 
figure. The plane of the square loop 
makes an angle of 45° with respect 
to the Z-axis. If the mutual inductance between the loops is 


2 
. Hoa 
given by >p e 


, then find the value of p, 
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i flows through the circular loop, then 
t the location of square loop is 
B= O HoR 
a(R? + Z7)y? 


value of Z = BR, we have 


Sol. If [curren 
magnetic field a 


Substituting the 


zel 
STIR 
Now, total flux through the square loop is 
6; = NBS cos 9 


e bel) a’ cos 45° 
= (2) (i 


Mutual inductance, 
br _ Hoa 
T ~ 972 R 


M = 
Re 


AC GENERATOR 


An AC generator produces electrical energy ftom 
mechanical work, just the opposite of what a motor doss. 
In it, a shaft is rotated by some mechanical means, such as 
an engine or a turbine starts working and an emf is induced 


in the coil. 


Principle 

It is based on the phenomenon of electromagnetic 
induction which states that whenever magnetic flux 
linked with a conductor (or coil) changes, an emf is 
induced in the coil. 


Main Parts of an AC Generator 


Main parts of an AC generator are shown in the figure 
and discussed as given below 


a A rectangular coil ABCD consisting of a large 
pie er of turns of copper wire wound over a soft iron 
core is called armature, The soft iron core is used © 
increase the Magnetic flux 


Field ma 
agnets Two po i elect 
romagnet, pole pieces of a strong 


Slip «i 

a hole The ends of the coil ABCD are connected ° 
o hollow metallic tings R, and R 

Brushes B, and B 


carbon rods, T 
with Rand Re Si 


2 are two flexible metal plates ” 
re fixed and are kept in slight conta? 


J aromagnetic Induction 
e 


Axis motion 


[j 
Amalie B C) 


Field 
magnet 


AC generator 


Theory and Working 


As the armature of coil is rotated in the uniform 

magnetic field, angle O between the field and 
normal to the coil changes continuously, 
Therefore, magnetic flux linked with the coil 
changes and an emf is induced in the coil. 
According, to Fleming's right hand rule, current 
induced in AB is from A to B and it is frouvC to 


Din CD. In the external circuit, current flows 
from B, to Bix 


To calculate the magnitude of emf induced, 
Suppose 


| A= area of each turn of the coil, 
N = number of turns in the coil, 
B= strength of magnetic field, 

= 


= angle which normal to the coil and B 
| at any instant ¢. 


. Normal 


lagnetic flux linked with the coil in this 
‘ition, 
d= N (B-A) 
= NBA cos iene 
= NBA cos Wt [v B= 
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Where, @ is angular velocity of the coil and other symbols have usual 
meaning, 


As, the coil rotates, angle @ changes. Therefore, magnetic flux } linked 
with the coil changes 


and hence, an emf is induced in the coil. At this 
instant ż, if e is the emf induced in the coil, then 


4% 


e¢=—-——— 


dt 


=- Ld (NAB cos wt) 
dt 


=— NAB A (cos Wt) 
dt 


NAB (- sin wt) ® = NAB Osin ot 
where, NBA @ is the maximum value of the emf (also called peak 
value) which occurs when sin @t =+]. 


If NBA w =e,, then e= Co sinw 


Since, the value of the sine function varies between +] and —1. So, the 
polarity of emf changes with time. The emf h 
when 8 =90° or 8 =270° as the chan 
points. The direction of the 


as its extreme value 


ge of flux is greatest at these 
induced emf (and hence current) 


changes 
periodically as shown in the figure given below. Therefore, the current 
is called alternating current. 
Since, @ = 27 
: =e sin2tve 


where, v is the frequency of revolution of the generator’s coil, 


1 

i] 

l Direction of 
1 magnetic 

4 field 

i 


Time — 


(e Ta 


37/4 


In commercial generators, the mechanical energy required for 
rotation of armature is provided by water falling from height, e.g. 
dams. These are called hydroelectric generators, 


If the steam at high pressure is used to produce the rotation of 
armature, these are called thermal generators. Instead of coal, if a 
nuclear fuel is used, we get nuclear power generators. 


Note “In India, the frequency of generation of AC is 50 Hz. 
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EXAMPLE |9| An AC generator consists of a coil of 
1000 turns and cross-sectional area of 100cm’, rotating at 
an angular speed of 100 rpm in a uniform magnetic field of 
3.6 x 10° * T. Calculate the maximum emf produced in the 
coil. 

Sol. Given, N =1000, A =100 cm? =107 m?’, 


100 
v =100 rpm = — rps, 
rp 60 rp 


B=36x10°T, e, =? 
<- Maximum emf produced in the coil is 
€a = NBA œ = NBA (2nv) 


i 22 100 
=1000x3.6x10? x107? xh YT 


=3.77 V 


| TOPIC PRACTICE 2| 


OBJECTIVE Type Questions 

Í. The self-inductance of a coil is 2 mH. The rate 
of flow of current in it is 10? A/s. The induced 
electromotive force in the coil is 
(a)1 V (b) 2 V 
(c)3 V (d)4 V 

2. The self inductance L of a solenoid of length / 
and area of cross-section A, with a fixed 
number of turns Nincreases as 
(a) land A increase 
(b) / decreases and A increases 
(c) l increases and A decreases 
(d) both / and A decrease 


3. If a medium of relative permeability, had 
been present instead of air, the mutual 
inductance would be 
(a) M=u, ponnn} (b) M =Honn nrt 
(c) M=y,n,n,0r71 (d) M=, ponn tr? ] 


4. Two coils are placed close to each other, The 
mutual inductance of the pair of coils depends 
upon 
(a) the rates at which currents are changing in the 

two coils 
(b) relative position and Orientation of the two coils 
(c) the materials of the wires of the coils 
(d) the currents in the two coils 
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he coil exposed to the 
c arca oft auae : 
5. The oferta lines changes with time, the flüx 
magne 


at any time İS 


(a) >, = BA cot wt 

(b) s = BA cos @t 

(c) Ọs = BA tan wt 

(d) d, = BA sec @t l 
VERY SHORT ANSWER Type Questions 


6. Cana straight wire act as an inductor? 


7. Define theterm self-inductance of a coil. Write 
its SI unit. Delhi 2015 

8. How can the self-inductance of a given coil 
having N number of turns, area of cross-section 


A and length / be increased? 
Foreign 2009; Delhi 2012 


9. A plot of magnetic flux (p) versus current (1) is 
shown in the figure for two inductors A and B. 
Which of the two has larger value of 


self-inductance? 
) A 


Delhi 2010 


I 


10. Self-induction is called the inertia of electricity. 
Why? 


11. i ; 
Define mutual inductance. Write its SI unit. 
Delhi 2016 


12. H 
o 
w does the mutual inductance of a pair of 
coils change when 
i) di 
ks fine between the coils is increased and 
eT of turns in the coils is increased? 


13. 4 
-* Sour f 
l : rough a “mf eis used to establish a current! 
coil of self -inductance L . Show that 


the Work 
done y the source to build up the 
Delhi 20106 


á 


| 
| 


«get 


(4. 


(5. 


16. 


romagnetic Induction 


pefine mutual inductance between two long 
coaxial solenoids. Find out the expression for the 
mutual inductance of inner solenoid of length / 
paving the radius r, and the number of turns n, per 
unit length due to the second outer solenoid of 
same length and n, number of turns per unit 
length. Delhi 2012 
qwo concentric circular coils, one of radius r and 
the other of radius R are placed coaxially with 
their centres coinciding. For R >>> r, obtain an 
expression for the mutual inductance of the 
arrangement. Delhi 2011 


A small square loop of wire of side lis placed 
inside a large square loop of wire of side L(L>> 0). 
The loops are coplanar and their centres coincide. 
Give the dependence of mutual inductance. 


LONG ANSWER Type I Questions 


17. 


19. 


20. 


(i) Define self-inductance. Write its SI units. 

(ii) Derive the expression for self-inductance of a 
long solenoid of length /, cross-sectional area A 
having N number of turns. Delhi 2009 


. Starting from the expression for the energy, 


W= SLI 2 stored in a solenoid of self-inductance L 
to build up the current J, obtain the expression for 
the magnetic energy in terms of the magnetic field 
B, area A and length / of the solenoid having n 
number of turns per unit length. Hence, show that 
the energy density is given by B?/2 Uo. 

Delhi 2013C 


The current through two inductors of l 
self-inductance 12 mH and 30 mH is increasing 
with time at the same rate. Draw graphs showing 
the variation of the All India 2017 C 
(i) emf induced with the rate of change of current 
in each inductor. 
(ii) energy stored in each inductor W 
flowing through it. | 
Compare the energy stored in the coils, if the 
power dissipated in the coils is the same. 
uctance’ and write its 


ith the current 


(i) Define the term ‘self-ind 
SI unit. p 

(ii) Obtain the expression for the mutua’. 
inductance a ae long coaxial ape : 1 = 
S, wound one over the other, each of leng 


turns 
and radii r, and ry; and n, and Ny oe ep a 
per unit length, when a current /1s 
Delhi 2017 


outer solenoid Sz 
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21. Define mutual inductance between a pair of 
_ coils, Derive an expression for the mutual 
inductance of two long coaxial solenoids of 
same length wound one over the other. 
All India 2017 


22. (i) Draw a schematic sketch of an 
AC generator describing its basic 
elements. State briefly its working 
principle. Show a plot of variation of 


(a) magnetic flux and 


(b) alternating emf versus time generated 
by a loop of wire rotating in a magnetic 
field. 

(ii) Why is choke coil needed in the use of 
fluorescent tubes with AC mains? 
Delhi 2014 


State the principle of an AC generator and 
explain its working with the help of a 

labelled diagram. Obtain the expression for 
the emf induced in a coil having N turns each 
of cross-sectional area A, rotating with a 
constant angular speed o in a magnetic field 
(B), directed perpendicular to the axis of 


CBSE 2018 


LONG ANSWER Type II Questions 
24. 


23. 


rotation. 


(i) Describe a simple experiment (or activity) 
to show that the polarity of emf induced in 
a coil is always such that it tends to 
produce a current which opposes the 
change of magnetic flux that produces it. 
(ii) The current flowing through an inductor 
of self-inductance L is continuously 
increasing. Plot a graph showing the 
variation of 
(a) magnetic flux versus current. 
(b) induced emf versus dl/dt. 
(c) magnetic potential energy stored 
versus the current. Delhi 2014 


25. (i) Define mutual inductance and write its SI 
units. 
(ii) Derive the expression for the mutual 
inductance of two long coaxial solenoids 
of same length wound one over the other. 


(iii) In an experiment, two coils C, and C, are 
placed close to each other. Find out the 
expression for the emf induced in the coil 
C, due to a change in the current through 
the coil C,. All India 2015 
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e ee aoe = meaning of the term mutual 34. Self-induction of sige SRA 
inductance. Consider , * eam 0.01 mH to 10 m B an ir 
: : two concentric from 0. i i ae 
circular coils, one of the radius r pia the core into it. What is the relative permeability o 


weer of radius m(n <r) placed coaxially the core used? 
uit falls from 5.0 Ato 0.0 aj, 


with centres coincidin i i 
. g with each other. Current in a circ > 
Obtain the expression for the mutual 32, 0.1 s. If an average emf of 200 V is induced, piye 
: mate of the self-inductance of the circuit 


inductance of the arrangement. an esti 
NCERT 


(ii) A rectangular coil of area A, having number 


of turns N is rotated at f revolutions per 33. Ifarate of change of current of 4 As" induces 
, an emf of 20 mV in a solenoid, what is the 


second in a uniform magnetic field B, the 

field being perpendicular to the coil. self-inductance of the solenoid? Delhi 201 

Prove that the maximum emf induced in the 34. Along solenoid with 15 turns per cm has a small 
SAD nee loop of area 2.0 cm” placed inside, normal to 

27. (i) Draw a labelled diagram of AC generator the axis of solenoid. If the current carried by the 

and state its working principle. solenoid changes steadily from 2 A to 4 Ain 

(ii) How is magnetic flux linked with the 0.1 s, what is the induced pins in the loop, 

while the current is changing: NCERT 


armature coil changes in a generator?. 

(iii) Derive the expression for maximum value of 
the induced emf and state the induced emf 
and state the rule that gives the direction of 
the induced emf. 

Pa Shore aes VARROE he eee Penran 36. A solenoid of radius 3 cm and length 1 m has 


35. Acoil has a self-inductance of 10 mH. What is 
the maximum magnitude of the induced emf in 
the inductor, when a current J = 0.1 sin 200¢ 
ampere is sent through it. 


versus time as the armature is rotated with 600 turns per metre. Calculate its 
respect to the direction of the magnetic self-inductance. 
fields. Delhi 2014 

o , 37. The current flowing in the two coils of 

28. (i) State the principle on which AC generator self-inductance L, = 16 mH and L, = 12 mH are 

works. Draw a labelled diagram and explain increasing at the same rate. If the power 

Pics working. supplied to the two coils are equal, find the 

(ii) A conducting rod held horizontally along ratio of 
East-West direction is dropped from rest (i) ind a 
from a certain height near the Earth's = uced voltages (ii) the currents and 
surface. Why should there be an induced (iii) the energies stored in the coil at a given 

instant, Foreign 2014 


emf across the ends of the rod? 
Draw a plot showing the instantaneous 38. Apair of adjacent coils has a mutual inductance 


variation of emf as a function of time from — Of 1.5 H. Ifthe current i i i 
: z ; “Fi rl i from 
the instant it begins to fall. Foreign 2012 0to20Ain0.5s ane n 
29. State the working of AC generator with the help linkage with the other coil? Delhi 2016 
of a labelled diagram. The coil of an AC 39. Two coils } 

; , $ lave mutual i a 5H.1f 
generator having N turns, each of area A, is current in PIa Per PERAE F ad oa 
rotated with a constant angular velocity w, millisecond aferas $ e i oak ihe 
Deduce the expression for the alternating emf emf induced i Tee Gta, We 
generated in the coil. What is the source of 40 in the secondary coil? 
energy generation in this device? Delhi 2010 , shah: are two coils A and B separated by some 

NUMERICAL PROBLEMS S ance Ifa current of 2 A flows through A ê 
Magnetic flux of 19-2 Wb passes through B 
30. A 200 turn coil of self-inductance 30 mH jae through B). If no current passes 
carries a current of 5 mA. Find the magnetic what a Si and a current of 1 A passes throug” B, 
Sune flux through 4? NCERT Exem? 


flux linked with each turn of the coil. Delhi 2011 


tromagnetic Induction 
; f e! 


41. The flux linked with a large circular coil of 
radius R is 0.5 x 10° Wb. When a current of 
0.5 À flows through a small neighbouring coil of 
radius r, calculate the coefficient of mutual 
inductance for the given pair of coils. If the 
current through the small coil suddenly falls to 
zero, What would be its effect in the larger coil? 


Delhi 2008 
42, An AC generator consists of coil of 100 turns 

and cross-sectional area of 3 m? rotatin 
constant angular speed of 60 rads” in a 
uniform magnetic field 0.04T. The resistance of 
the coil is 500 2. Calculate (i) maximum 
current drawn from the generator and (ii) 
minimum power dissipation of the coil. 


gata 


HINTS AND SOLUTIONS | 


1. (b) Given, coefficient of self-inductance, 
L=2x10°H ` 
Rate of flow of current, di/dt =10° A/s 


Induced electromoture force, 
eja Se 2x10° V=2V 
dt 


2. (b) The self-inductance of a long solenoid of 
cross-sectional area A and length J, having n turns per 
unit length, filled the inside of the solenoid with a 
material of relative permeability (e.g., soft iron, which 
has a high value of relative permeability) is given by 

L=p, un Al 

n=N/1 

» (d) Air as the medium within the solenoids. Instead, if a 

medium of relative permeability u, had been present, 
the mutual inductance would be M =p ponn arel. 


where, 


It is also important to know that the mutual inductance 
of a pair of coils, solenoids etc., depends on their 
Separation as well as their relative orientation. 
- (b) Mutual inductance of the pair of coils depends on 
distance between two coils and geometry of two coils. 
(b) The effective area of the coil exposed to the magnetic 
field lines changes with time, the flux at any time t is — 
$3 =BA cos 8 = BA cos Wt 
- A straight wire cannot act as an inductor as the , 
magnetic flux linked with the wire of negligible area 0 
Cross-section is zero. The wire has to be in the form of a 
Coil to serve as an inductor. 
Self-inductance is the property of a coil by faba : 
Which, the coil opposes any change in the sn cat 
Current flowing through it by inducing an emi in itsel. 
Its SI unit is henry (H). 


-xN 


10. 


12. 


13. 
14. 
15. 


16. 


iy 


The self-inductance can be increased with the help of 
electric fields. It does not depend on the current through 
circuit but depends upon the permeability of material 
from which the core is made up off. 


Self-inductance of the inductor, L = o//. 
The slope of /-¢ graph gives self-inductance of the coil. 
Inductor A have got greater slope than inductor B, 


therefore self-inductance of A is greater than 
self-inductance of B. 


Self-induction of coil is the property by virtue of which 
it tends to maintain the magnetic flux linked with it and 
opposes any change in the flux by inducing current in it. 
This property of a coil is analogous to mechanical 


inertia, i.e. why self-induction is called the inertia of 
electricity. 


- The phenomenon according to which an opposing emf 


is produced in a coil as a result of change in current of 
magnetic flux linked with a neighbouring coil is called 
mutual induction. 


Its SI unit is henry. 


(i) As 6 = MI, with the increase in the distance between 
the coils, the magnetic flux linked with the secondary 
coil decreases and hence, the mutual inductance of 
the two coils will decrease with the increase of 
separation between them. 

(ii) Mutual inductance of two coils can be found out by 
M=u,N,N, Al, ie. Mæ N, N,, so with the 
increase in number of turns, mutual inductance 
increases, 


Refer to text on pages 269 and 270. 
Refer to text on pages 271 and 272. 
The magnetic field produced by current carrying large coil 
C, in the vicinity of small coil C 2 Is given by 
Hol 
ASR 
The magnetic flux linked with shorter coil C 2 is given 


I > 
. by > =BA, = tot ap 
=~ es ae 


Mutual inductance, M = 9 = a henry 
1 


Magnetic field produced by 
of wire of side L is given by 


z AEWA 
Bi 2L 


current carrying square loop 


The magnetic flux linked with shorter square of side | is 
given by 


2V X} I 
= BA, = =o 
, 13? 2L 


2 
. Mutual inductance, M = ve = avant he 
l 1 


1 
= M«— 
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17. R 
ns efer to text on Pages 268 and 269, =< |I (ais at) 
- Energy stored in the magnetic field, ; ie oY 30 5 
welppol WoNtA BP -(2)*(3) “122 
2 2 l j p 2N? 30 12 12 
: to text on page 268. 
= = B? Al E patoNtA p- en 20. m to text on pages 271 and 272, 
, ee e a 
0 l l 21 a to text on pages 271 and 272. 
Energy density, = Refer to text on pages 272 and 273. 
1 BAL 22. (i) ia) Variation of magnetic flux with time 
E , 2 
up =—— BY — ct rere [volume = Al] ò 
Volume AL 2L o 
19. Given, L, =12 mH, L, =30 mH 
Also, dl, = dl, i £ 
dt dt 
> r ; dI 
(i) Induced emf in the inductors, |e| = L — 
dt = BNA cos wt 
As dt, _ dl, (b) Variation of alternating emf with time 
' dt dt 
e 
=> exL 
Thus, graph of e versus 2 for two inductors is as shown , 
t 
in figure. r 
2 
| L 
G e = BNA Wcos Wt 
(ii) The choke coil is used to reduce the current 
Therefore, it is required in the use of fluorescent tubes 
with AC mains, 
ot _, 23. Principle 
a An AC generator is based on the phenomenon of 
e L> Li electromagnetic induction which states that whenever 
magnetic flux linked with a conductor (or coil) changes, 
an emf is induced in the coil. 


.. For the given z, e, > ef 


Armature AS motion 
ON: AS 


1 
(ii) Energy stored in inductor, U = A LI? 


For a given L, U œ I? 
Thus, U versus I graph is curved as shown in the figure. 


f 


U 


I—> 
Given, R = P, 
= £,l, = ez!2 L n 
1 
A 2 
U a aa L (4) - (a) 
` 1 L \ L, \e, 


2 =(L212) 
AC generator 


| à „magnetic Induction 
pe 


working a 

ç the armature of coil is rotated in the uniform 

etic field, angle 8 between the field and normal to 

the coil changes continuously. 
Therefore. magnetic flux linked with the coil changes 
and an emf is induced in the coil, According to 
Fleming's right hand rule, current induced in ABis from 
AtoB and it is from C to D in CD. In the external 
circuit, current flows from B, to B., 
To calculate the magnitude of emf induced, suppose 
Az area of each turn of the coil, 
N = number of turns in the coil, 
p= strength of magnetic field 


and @= angle which normal to the coil makes with B 
at any instant f. 


Magnetic flux linked with the coil in this position, 


ġ= N (B-A) 
or = NBA cos 8 
= NBA cos wt 


where, œ is angular velocity of the coil and symbols 
have usual meaning. 

As we know, due to the rotation of the coil, an emf is 
being induced. 

Thus, at this instant ¢, if e is the emf induced in the coil, 
then 


e=- d (NAB cos Wt) 
dt 


e=— NAB a vel wt) 
dt 


or e=—NAB(-sin wt) = NAB sin wt 


where, NBA % is the maximum value of the emf (also 
called peak value) which occurs when sin ùt = +1. 


If NBA% = e,, then e = € sinit 
the polarity of the induced 


24. (i i i 
(i) According to Lenz's law, ge in magnetic flux 


emf is such that it opposes the chan 
responsible for its production. 

Refer to text on pages 253 and 254. 
(ii) (a) Magnetic flux versus current 
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(b) Induced emf versus = 


=> e=-L— 


dI 
dt 


dI si , ‘ 
ae is positive, and e is negative and constant. 


(c) Magnetic potential energy stored versus current 


Us—Li 
2 
-U 
I 
=> U= |” 
25. For parts (i) and (ii) refer to text on pages 270, 271 


and 272. 


(iii) Suppose that a current Iis flowing through the coil C, 
at any instant. Flux linked with the coil C, is given by 

b< 1 => o=MI 
where, M is the coefficient of mutual induction. If e is 


the induced emf produced in the coil C,, then 


26. (i) Whenever the current passing through a coil or 
circuit changes, the magnetic flux linked with a 
neighbouring coil or circuit will also change. Hence, 
an emf will be induced in the neighbouring coil or 
circuit. This phenomenon is called ‘mutual induction’. 
According to question, let the current in big coil of 
radius r, be J,, so magnetic field at point O due to this 


coil will be Hoh ; 


n 


h 
o) 
Z 
Change in magnetic flux in the coil of radius y is 


g=BA =P x nr 
ar, 
Mutual inductance, : 
M= v Holm _ Hoth 
I, 2nxl, 2h 
This is the required expression. 
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ii i i : 
(ii) According to question, if the coil rotates with an 


a Ae hartge wt wen N turns through an angle 8 
5 9 = BA cos 0 = BA cos ot 
As the coil rotates, the magnetic flux linked with it 
changes. An induced emf is set up in the coil which is 
given by 

so ad 

e v7 7 (BA cos wt) 

= BAwsinwt 
For N number of turns, e = NBA@sin@t 
For maximum value of emf wt must be equals to 90°. 
So, maximum emf induced is = NBA. 


i.e. e = NBA2nf [0 = anf] 


27. Refer to text on pages 272 and 273. 
28. (i) Refer to the text on pages 272 and 273. 


(ii) As the earth's magnetic field 


lines are cut by the 
netic flux takes place. 


falling rod, the change in mag 
mf across the ends of 


This change in flux induces an e 


the rod. 
Since, the rod is falling under gravity. l 
l v=gt [u =0] 
Induced emf, 
e= Blv = £= Blgt 

re Ext 

t 

E€ 


t— 


29. Refer to text on pages 272 and 273. 


30. 


Direction of induced emf can be determined using 
Fleming's right hand rule given below. If we stretch the 
thumb and the first two Fingers of our right hand in 
mutually perpendicular directions and if the forefinger 
points in the direction of the magnetic field, thumb in 
the direction of motion of the conductor, then the 
central finger points in the direction of current induced 


in the conductor. 


„Normal 
. Coil 


Hy 


Let ġ be the magnetic flux linked with each of the 


N turns of the coil. 
Then, Nox J] 


= 


=> 


LI 
Nọ=LI or $=— 
ọ e 


_ 30x10? x5x107? 


= a J 
> am 7.5X 10°’ Wb 


31. Here, L, = 0.01 mH =10° H 


L=10mH =10° H 


32. 4H; refer to Exam 
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H, =ar z Ly 10 


TU aid 


PE ple 1 on page 269. 


dI -1 
33. Here, Ti As 
=> je|=20mv = [|= 20x10? V 
dI 
=> leleeay 
lel 
dI /dt 
-3 
ja DRU = 5x 10° H=5 mH 
= 4 


34. Here, number of turns per unit | 


35. 


36. 


37. 


38. 


ength, 
A — 45 turns/cm = 1500 turns/m 
I 

A = 20cm" =2x10 


n= 


Ad( NI N)dI 
=— ——|/=A eae es 
Ae (uo T) TE 


=(2x107*)x4m x107 X1500 x 20 V 
=7.5 x10 V i 
Here, L =10 mH = 10° H, J = 0.1 sin 200¢ 
oe 0.1 cos 200 t x 200= 20 cos 200% 


dt 
As, le|=L(dI/dt) => emay = L (dl /dt)max 
=> é_.=i0* X 20=0.2 V 


dI p 
=> |— = 20X1= 20As 
max 


From the relation of self-inductance, we have 
L= BoNĊA _ 4r x107 x (600) x n x (3x10) 
1 
= 4n* x36x10' x9x107! 
= 128x107 H 
Refer to the Example 4 on page 270. 
ei <4 1 8 
Jt=- 2-3 
e 3 I, 4 : 


emf induced in the secondary coil is given by 
e = Mdl 


dt l 
> d _ -Mat 
dt dt 
d = —MdI 
db = -1.5 x 20 = -30 Wb 


| 


; glectromagnetic Induction 


39. Given, M =15H, Ai, =5A, At =10°s 


e 
w that, M =-——2 
We kap Ai, /At 
Ai 5 
e,=Mx—=15x—_= 3 
= 2 T ya =7510V 
40. Applying the mutual inductance of coil A with respect 
to coil B, 
Mz = N,, 


Therefore, we have zn 


Mutual inductance = uae =5mH 
Again, applying this formula for other case, 
N,Q = Mp /,=5mH x1A=5mWb 
41. Flux linked with larger coil of radius, 
6=0.5x 10° Wb and 7=0.5 A 
Flows through neighbouring coil of radius r. 
Total flux (¢) linked with one coil = MI 


[~ I current flows in neighbour coil] 


42. 
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“0.5% 10°=Mx 0.5 
M=10°.H 
Mutual inductance of two coils, M =10° H. 


With the fall of current in small coil to zero, the magnetic 
flux linked with long coil decreases to zero quickly 
which in turn produces large induced emf in it. 


Here, total number of turns, 

N =100, A =3 m’, © = 60 rads™, B=0.04T 
(i) Maximum emf produced in the coil, 

e, = NBA% =100 x 0.04 x 3 x 60 

e =720 V 
Since, resistance of the coil is 500 Q, the maximum 


current drawn from the generator is 


PEE TTT 
500 


(ii) Maximum power dissipation in the coil, 
P =el, =720 X144 =10368 W 


SUMMARY 


* Magnetic Flux The total number of magnetic field lines 


crossing through any surface normally when it is placed in a 
magnetic field is known as the magnetic flux through that 
surface. 


= Faraday’s Law of EMI Faraday gave two laws of EMI 


(i) First Law An emf is induced in a circuit when the magnetic 
flux linked with circuit charges. 


(ii) Second Law The magnitude of induced emf in a circuit is 
equal to the rate of change of magnetic flux through the 


Circuit 
Induced emf and Current 
Induced emf,e = — oe 


e 
Induced current, J = — = — —8 
R R at 


Here, A =resistance of the circuit and N = number of turns. 


Lenz's Law According to this law, the polarity of induced emf 
is such that it tends to produce a current which appose the 
change in magnetic flux produced it. 

Fleming's Right Hand Rule If we stretch the thumb, the 
forefinger, the central finger of our right hand in such a way that 
all three are mutually perpendicular to eachother, then if the 
thumb represents the direction of force, forefinger represent 
the direction of magnetic field, then the central finger will 
represent the direction of induced current. 


Induced Current in a Circuit If induced current is produced in 
a coll rotated in a uniform magnetic field, then J = h sin wt. 


Motional emf and Faraday's Law If e is the induced emf, then 
according to Faraday's law, 


e =(-d¢/dt) =-Blv 
Energy Consideration Power required to move a conductor in 
a uniform magnetic field perpendicular is, P = Bt? 
a 


Here, R= 


resistance of the circui , 
flowing. circuit through which current is 


B = a uniform magnetic field, 7 = length of the conductoy,,,_ 


speed. 3 
e current induced in the bulk of conductors 


Currents Th l 
p the magnetic flux linked with the condutor charges are 
known as eddy currents. 

Undesirable Effects of Eddy Currents Eddy Currents cause 
unnecessary heating and wastage of power. 

The heat produced by eddy currents may even damage the 
insulation of coils. 

Inductance It is the ratio of the flux to the current. It depends 
on the geometry of the coil and intrinsic material properties, 
Self-inductance It in the property of a coil by virtue of which i 
opposes any changes in the strength of current flowing 
through it by inducing an emf in itself. 

When current in a coil changes, it induces a back emf in the 


same coil. The self-induced emf is given by,e =- L T where 


Lis the self-inductance of the coil. 


If coil of N turns and area Ais rotated with v revolutions per 
second ina uniform magnetic field B, then the induced emf is 
e = e Sinwt =NABa sin wt = NBA (2nv) sin (2xv)t. 


Self-inductance of a Long Solenoid Self-inductance of along 
solenoid is given by 


L= HoN®A 
7 


se Inductance The phenomenon according to which an 
a ing emf 'S produced as a result of change in current of 
gnetic flux linked with a neighbouring coil. 
Hai oe of Two Long Coaxial Solenoids Mutual 
Ol two long coaxial solenoids is given by 


M = ENNA 


AC Gen 
mechanical we generator produced electrical energy from 
JUSt Opposite of what a motor does. ` 


CHAPTER 


PRACTICE 


splECTIVE Type Questions 


f. Asquare of side L metres lies in the xy-plane in 
a region, where the magnetic field is given by B 
= By(2i+ 3j + 4k) T, where By is cons 


tant. The 6. 
magnitude of flux passing through the square is 
NCERT Exemplar 
(a) 2B, L° Wb (b) 3B,L? Wb 
(c)4B,L? Wb (d) V29B, 1? Wb 
2. What will happen with the galvanometer when 
the tapping key K is pressed? 
7. 
(a) A momentary deflection 
(b) A long time deflection 
(c) No deflection 
(d) None of the above 
3. The magnitude of the induced emf in a circuit is 
equal to the time rate of change of magnetic 
flux through the circuit, is statement of 
(a) Fleming's right hand rule 
(b) Fleming’s left hand rule 
(c) Felming’s third law 
(d) Faraday’s law of electromagnetic induction 
t. The direction of induced current is decided by 
(a) Lenz’s law 
(b) Fleming’s left hand rule 9, 
(c) Biot-Savart’s law 
¢ (d) Ampere’s law 


A50 turns circular coil has a radius of 3 cm, it is 
kept in a magnetic field acting normal to the ; 
area of the coil. The magnetic field B increase 


(a) 1.77 V. (b) 17.7V 


from 0.10 T to 0.35 T in 2 ms”. The average 
induced emf in the coil is 


(c) 177V (d) 0.177 V 


A rectangular loop and a circular loop are 
moving out of a uniform magnetic field region 
in the given figure to a field free region with a 
constant velocity v. In which loop do you expect 
the induced emf to be constant during the 
passage out of the field region? 


X.X XXR 
X x°xK KX xX 


x x 
x X x 
X Se Fey X 
x xX X X X 
(a) Rectangular loop 


(b) Circular loop 
(c) Both (a) and (b) 


(d) Neither (a) nor (b) 
An electron moves along the 
line PQ which lies in the 


‘same plane as a circular loop 


of conducting wire as shown Loop 
in figure. What will be the E 
direction of the induced current in the loop? 

(a) Anti-clockwise 

(b) Clockwise 

(c) Alternating 


(d) Non-current will be induced 


A constant current is flowing through a 
solenoid. An iron rod is inserted in the solenoid 
along its axis. Which of the following quantities 
will not increase? CBSE 2021 (Term-1) 
(a) The magnetic field at the centre 

(b) The magnetic flux linked with the solenoid 

(c) The rate of heating 

(d) The self-inductance of the solenoid 


A coil of area 100 cm? is kept at an angle of 30° 
with a magnetic field of 10- 'T. The magnetic 
field is reduced to zero in 10° ‘s. The induced 
emf in the coil is CBSE 2021 (Term-I) 


(a) 5V3 V (b) scv3 V 
(c) 5.0 V (d) 50.0 V 
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10, l 
The self-induced emf in a coil of 0.4 H 


Self-inductance wl 
hen current in it i 
the rate of 50 As- ‘is ae 


(a) 8x10” V (b) 8x107 V 
(c) 20V (d) 500 V 
ASSERTION AND: REASON 


Directions (Q. Nos. 11-16) Zn the following questions, two 


Statements are given- one labeled Assertion (A) and the other 


labelled Reason (R). Select the correct answer to these questions 
from the codes (a), (b), (c) and (d) as given below 
(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 
(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 
(c) Assertion is true but Reason is false. 
(d) Assertion is false but Reason is true. 


IE Assertion Faraday’s law are consequence of 
conservation of energy. 
Reason In purely resistive AC circuit, the 
current lags behind the emf in phase. 


fZ Assertion Lenz's law violates the principle of 
conservation of energy. 
Reason Induced emf always opposes the 
change in magnetic flux responsible for its 
production. 


B. Assertion In equation F =q(E+vx B) when v =0, 
any force on the charge must arise from the 
electric field term E alone: 

Reason To explain, the existence of induced 
emf or induced current in static conductor kept 
in time-varying magnetic field, we must assume 
that a time-varying magnetic field generates an 
electric field. 


ff. Assertion Eddy currents are undesirable. 


Reason Eddy currents heat up the core and 
dissipate electrical energy in the form of heat. 


I5. Assertion Eddy current is produced in any 
metallic conductor when magnetic flux is 
changed around it. 


` Reason Electric potential determines the flow 
-of charge. 


16. Assertion If the inner solenoid was much 
shorter than (and placed well inside) the outer 
solenoid, then we could still have calculated the 
flux linkage N,,@,. 

Reason The inner solenoid is effective] 
immersed in a uniform magnetic field due to th 
outer solenoid. X 


p r | 
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ASED QUESTIONS 


CASE B q ) 
Directions (Q.Nos. 17-18) These questions are Case ud, 
irectio . 
based questions. Attempt an s 
Each question carrres 1 mark. 


17. Faraday's Laws n 

, According the Faraday's a aie Whenever; 
amount of magnetic flux linkeu sti. a circuit 
changes, an emf is induced in it. Induced 
current is determined by the rate at which the 
magnetic flux changes. . 
Mathematically, the magnitude of the induceg 
emf ina circuit is equal to the rate of change o 
magnetic flux through the circuit. 
Induced emf ~ Rate of change of magnetic fur 
(i) On the basis of Faraday’s law, current in the 

coil is larger 


if 
any 4 sub-parts from each qu eis 
16 


(a) when the magnet is pushed towards the coil 
faster ‘ 

(b) when the magnet is pulled away the coil 
faster 

(c) Both (a) and (b) 

(d) Neither (a) nor (b) 

(ii) The flux linked with a circuit is given by 
o=0°+3¢t-7 The graph between time 
(X-axis) and induced emf (Y-axis) will bea 
(a) straight line through the origin 
(b) straight line with positive intercept 
(c) straight line with negative intercept 
(d) parabola not through the origin 

(iii) Wire loop is rotated in a magnetic field. 


The frequency of change of direction of the 
induced emf is 


(a) once per revolution 
(b) twice per revolution 
(c) four times per revolution 

. (d) six times per revolution 

(iv) The instantaneous magnetic flux linke’ 
with a coil is given by ọ=(5¢ -1001+300 
Wb. The emf induced in the coil at time! 7 


Sis 
(a) ~40Vy 

(b) 40. V 
(c)140V (d)300V 


ic Induction 
li magnetic 
ecto 


yh copper disc of radius 0,1 
( about its centre with 20 rey/s 
magnetic field of 01 T wi 
perpendicular to the field. Th 
across the radius of the disc js 


(a) =u (b) a v 
(c) 207 mV (d) None of these 


i8. Eddy Current r 
Coil is wound over metallic core is helpful in 
reducing eddy currents in the metallic cores 
of transformers, electric motors, induction 
furnaces and other such devices (as shown 
below). Eddy current are undesirable since 
they heat up the core and dissipate electrical 
energy in the form of heat. These currents are 
minimised by using laminations of metal to 
make a metal core. 


m is rotated 
in a uniform 
th its plane 
e emf induced 


Wounded coll on core S 


Core of 
transformer 


(i) How are eddy currents minimised to make 
a metal core of transformer on which coils 
are wound? 


(a) By using laminations of metal 
(b) By using solid metallic core 
(c) Both (a) and (b) 

(d) Neither (a) nor (b) 

(ii) The plane of the laminations must be 
arranged parallel to the magnetic field, so 
that they cut across the 
(a) keep on sliding 
(b) keep on rotating 
(c) cut across the induced eddy currents 
(d) Both (a) and (b) 

(iif) Induction furnace is used to produce 
(a) low temperature to melt the metal 
(b) high temperature to melt the metal 
(c) constant low temperature 20°C 
(d) high pressure 

(iv) Induction furnace can be utilised to prepare 
(a) alloys, by melting the constituent metals 
(b) metal, by mixing electrons, protons, 

neutrons 
(c) Both (a) and (b) 
(d) Neither (a) nor (b) 
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(v) When a high frequency alternating current is 
passed through a coil which surrounds the 
metal to be melted. Then, 

(a) the metal freezes 

(b) coil rotates with frequency œ 
(c) the metal melts 

(d) None of the above 


VERY SHORT ANSWER Type Questions 


19. On what factors does the magnitude of induced 
emf in a coil depend? 


20. Ifacoil is removed from a magnetic field 
(i) slowly and 
(ii) rapidly, then in which case, more work will be 
done? 


21. Why is a core of transformer laminated? 


22. 
23. 


Give any two useful applications of eddy currents. 


How can self-inductance of a given coil having N 
number of turns be changed, if N is doubled 
keeping other factors constant? 


24 


If two coils are very tightly wound over one 
another, will their mutual inductance increase or 
decrease as compared to the case when the coils 
are placed some distance apart? 


SHORT ANSWER Type Questions 


25. (i) When primary coil P is moved towards 
secondary coil S (as shown in the figure below), 
the galvanometer shows momentary deflection. 
What can be done to have larger deflection in the 
galvanometer with the same battery? 


S P 
G V 
(ii) State the related law. Delhi 2010 


26. Four shapes made of wires are situated in a 
magnetic field B, perpendicular to the plane of the 
paper, directed downwards. If B starts reducing, 
what will be the directions of the induced currents 
in these shapes? 


x 


x x x x x xX x x x 
x x x x By 
x x x x x 


@ O Q A 


286 


27. 


Ama i ick 

A : quickly moved in the direction 

p y an arrow between two coils C, and 
2 as shown in the figure. 


What will be the direction of induced current in 
each coil as seen from the magnet? Justify your 


answer. 


A conducting square loop of @ 
side L and resistance R moves 
in its plane with a uniform ý 


velocity v perpendicular toone ş — 6 rA 


of its sides. A magnetic 
induction B, constant in time and space, pointing 


perpendicular to the plane of the loop exists 
everywhere. What will be the current induced? 


Two concentric circular coils C, and C,, radius n 
and rz (r, << r2) respectively are kept coaxially. If 


current is passed through C,, then find an 
expression for mutual inductance between the 


two coils. 


LONG ANSWER Type I Questions 


30. The figure given below shows an arrangement 


31. 


by which current flows through the bulb X 

connected with coil B, when AC is passed 

through coil A 

(i) Name the phenomenon involved. 

(ii) If a copper sheet is inserted in the gap 
between the coils, explain how the 
brightness of the bulb would change? 


State the law that gives the polarity of the 
induced emf. Give its illustration. 


LONG ANSWER Type I Questions 


32. 


State and explain Faraday's law of 


electromagnetic induction. 

A cylindrical bar magnet is placed along the 
axis of a circular coil. Will there be a current 
induced in the coil, if magnet is rotated about 


its axis? 


| Allínone | PHYSICS Chay, 
siy 


nz’s law. Give one example to ilustra 
Lenz’s law is a consequence of Pring), 
Ple 


33. State Le 
ation. Justify this s 
a y statement 


this law. 


of energy conserv 
l inductance Of a pai 
How is the mutua pair oF en 


affected, when ways 
(i) separation between the coils is increased) 
(ii) the number of turns of each coil is 


increased: 
(iii) a thin iron s 
coils, other 
Explain your ans 


NUMERICAL PROBLEMS 
35. Ajet plane is travelling towards West at a speed 
If the horizontal component Of the 


of 450 m/s. 
netic field at that place is 4 x10~T 


earth’s mag 
and dip angle is 30°, calculate the emf induced 


between the ends of wings having a span of 30m 


34. 


heet is placed between the 
factors remaining the 5, wo 
wer in each case. me? 


Along solenoid of 10 turns/cm has a small loop 
of area 1 cm? placed inside with the normal of 
the loop parallel to the axis. Calculate the 
voltage across the small loop, if the current in 
the solenoid is changed from 1Ato2AinQO.ls, 
during the duration of this charge. 


36. 


Asolenoid of length 80 cm, area of 
cross-section 1 m° with 20 turns per cm 
completely surrounds another coaxial solenoid 
of the same length, area of cross-section 25cm’ 
with 20 turns per cm. Calculate the mutual 


inductance of the system. 


ANSWERS 


4. (a) 
9. (a) 


37. 


3. (d) 5. (b) 


8. (c) 


1. (c) 2. (a) 
6. (a) 7. (d) 


Il. (c) According to Faraday's law of the conservation 
mechanical energy into electrical energy is in is 
naar with the law of conservation of energy I5 
also clearly known that in pure resistance, the emf is 
phase with the current. 

12. i i 
ee s law is based on conservation of energ 
induced emf always opposes the cause of it, i.e ¢ 
in magnetic flux. 

13. (a)! i jito 

. nere causes i j 
$. creasing B causes induced current J due t0 j 
ectric field E along I. 
Note pi» . : 
cl i ng induced electric field is non-conservative, al 
osed loop electric field lines. 
So, time i : 
' W F i i ' 
arying magnetic field generates electric field 


(a) 


10. © 


y and 
hang? 


14, 


geatromagnetic Induction 


15. (b) 


a) Ifthe inner solenoid was much shorter th 
well inside) the outer solenoid, then we could still have 
calculated the flux linkage N,ġ, because the inner solenoid 


is effectively immersed in a uniform magnetic field due to 
the outer solenoid. 


an (and placed 


17. (i) (c) Current will be larger, when the magnet is pushed 
faster towards the coil, also current is large when magnet 
is pulled faster away but now it is in opposite direction. 


(ii) (d =t +3t-7 


Induced emf, e = — £ =- (3t? +3) =-3t? -3 
t 
At {=0;e=-3V 
Therefore, shape of graph will be a parabola not through 
origin. (ext?) 


(iii) (b) If a wire loop is rotated in a magnetic field; the 
frequency of change in the direction of the induced emf is 
twice per revolution. 

(iv) (b) Given, 6 =(5t* —100t +300), t=2s 


Induced electromotive force, 
d d 
pon =r —100t +300) 
t 


e = -5x3t° +100 = —5 X3 (2)" +100 


= —5X12+100= —60+100 =40 V 
(v) (c) From Faraday’s law of electromagnetic induction, 


gaan BAN (dt =1s) 


Given, B =01 T, N = 20, A= mr’ =1(0.1) 
e = 01 x 20x n(0.1)’ = 207 mV 


18, (i) (a) Eddy current are minimised by using laminations of 
metal to make a metal core. 
(ii) () The laminations are separated by an insulating 
material like lacquer. The plane of the ipao p 
be arranged parallel to the magnelic field, so that t K ha 
across the eddy current paths. This arrangement ie sap 
the strength of the eddy current. Since, the disipa aa 
the strength of electric current, heat loss is substantial’ 
reduced. 


19. 


20. 
21. 


22, 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
3l. 
32.. 
33. 
34. 


35. 


36. 


37. 
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(iii) (b) Induction furnace can be used to produce high 
temperatures and can be utilised to prepare alloys, 
by melting the constituent metals. A high 
frequency alternating current is passed through a 
coil which surrounds the metals to be melted. The 
eddy currents generated in the metals produce 
high temperatures sufficient to melt it. 

(iv) (a) Since, induction furnaces uses the concept of 
eddy currents. Thus they are used to prepare 
alloys, by melting the constituent metals. 

(v) (c) Eddy current generated in the metal produce 
high temperature sufficient to melt it. 


Number of turns in coils, and rate of change of 
magnetic flux. 


More work will be done in (ii) Case. 


To prevent it from eddy current being produced in the 
core. 


In electric power meters and in induction furnace. 
Doubled. 

Increases 

Refer to text on page 252. 

Refer to text on page 253. 

Refer to Q. 10 on page 259. 

Current induced is zero, 

Refer to Q. 15 on page 275. 

Refer to Q. 11 on page 259. 

Lenz’s law Refer to text on pages 253 and 254. 
Refer to text on pages 252 and 253. 

Refer to text on pages 253 and 254. 

Refer to text on page 271, 

Also, refer Q. 12 on page 274. 

e=3kV. 

Refer to Q. 35 on page 262. 

Voltage = 12.57 x107 V 

Refer to Q. 34 on page 276. 

Mutual inductance = 3.92 H 

Refer to Example 7 on page 272. 


i , world is in the form o 

Most of the electric power generated and used in the f 
alternating current. This is because 
i aani , i onverted from one valu | 
(i) alternating voltages can be easily and efficiently ¢ etoh | 


other by means of transformers. so 
i | i stributed ove 
can be transmitted and di ' long 


(ii) the alternating current energy 
6 , loss of energy. 


distances economically without much 


ALTERNATING CURRENT 


— 


In this chapter, we will study about some alternating current system that 


E S 
transfers energy efficiently and we will also discuss some of the devices that S CHAPTER .CHECKLIST 


make use of alternating current. e Introduction to Alternating 
Current 


[TOPIC 1| ipera 


Introduction to Alternating Current 
Alternating Current (AC) 


If the direction of current changes alternatively (periodically) and its magnitude 
changes continuously with respect to time, then the current is called alternating 
current. It is sinusoidal (i.e. represented by sine or cosine angles) in nature. 
Alternating current can be defined as the current whose magnitude and 
direction changes with time and attains the same magnitude and direction after 
a definite time interval It changes continuously between zero and a maximum 
value and flows in one direction in the first half cycle and in the Opposite 
direction in the next half cycle. 


The instantaneous value of AC is given by 


/=TJysinwer [osav 
f T 
lo 


Current vs time graph of an AC 


where, / = current at any instants, J} = maximum/peak value of AC 
v = frequency and w% = angular frequency. 


Note Current whose direction does nol change with time throu 


ha 
current (DC). gh a load is known as direct 


| ternating Current 


—_—_— = a 


C 


ig advantages of AC over D | 
Vv (i) AC generation is easy and economical, 
(ii) It can be easily converted into DC with the help of rectifier. 
qii) In AC, energy loss is minimum, so it can be transmitted i 
over large distances. | 
L 
| 


| Disadvantages of AC over DC 
(i) AC shock is attractive, while DC shock is repulsive so, 
220V AC is more dangerous than 220V DC. 
(ii) AC cannot be used in electroplatin 
constant current with constant pol 
given by DC. 


[enn — 


ee 


8 Process because here 
arity is needed which is 


—= 


Tw 


Laaa 


Alternating emf or Voltage 


Ir can be defined as the voltage w 
direction changes with time and attains the same magnitude 
and direction after a definite time interval. The 
instantaneous value of alternating emf or voltage is given by 


hose magnitude and 


E = Eysinwet 
where, E= voltage at any time tf, By 


= maximum/peak 
value of alternating voltage and œ= angular frequency, 


Note Alternating current, alternating emf, flux, etc., 
sinusoidal waves. 


MEAN OR AVERAGE 
VALUE OF AC 


lis defined as the value of AC (Alternating Current) which 
would send same amount of charge through a circuit in half 
yde (i.e. 7/2) that is sent by steady current in the same 
time. It is denoted by /,, or Jy. 


Let the instantaneous value of alternating current’ is 
"presented by 


all are 


J =] sine ac (i) 
The AC changes continuously with time. Suppose current 
' kept constant for small time (dt). Then, small amount of 
arge (dq) in small time (dt) is given by 
dg = ldt =l sint dt [from Eq. (i)] 
i calculate total charge send by AC over half cycle is given 
y 


J dg = ie? sin Wr dt 


Or Pitz , 
=] J sin wr dt 
q; 0 0 


“teg, is steady charge over half cycle. 


Ti? i 
3 =] eet) = o cosa)!” 
q, 0 A 0 wW 


ahi E Me cost" 
O 2 


- -1 
= m liieses - Y=—[-1-1][-- cos =-1] 
W (69) 


21 


= = 
. 9 
Also, the charge sent by AC in positive half cycle is 
k 
Jac = Ly x 2 


where, /,, is mean value of AC over half cycle. 


` According to the definition, 


9; =Gac [over any half cycle] 
: ANT 
(0) 
41, 4] 
= [,, =—~ =—* OT =2x 
"wT. 27 ] 


21 
Ip =—* = 0.6371, 
T 


L, = 0.6371, | 


Mean value of AC (Zn) is 63.7% of the peak value of AC 
(Zo) over positive half cycle. For negative half cycle, the 
mean value of AC will be -27 / n. Therefore, in a 


complete cycle, the mean value of AC will be zero. 


In the same way, mean value of alternating emf (£) is 


—+;—— 
E, =— = 0.637E, 
ee, ee, 


Root Mean Square (RMS) 
Value of AC 


It is defined as that value of Alternating Current (AC) over 
a complete cycle which would generate same amount 
of heat in a given resistor that is generated by steady current 
in the same resistor and in the same time during a 
complete cycle, 

It is also called virtual value or effective value of AC. 

It is represented by J). or Z or Z y 
current which flows in the resistor havi 
time (7°) produces heat (H). 
Instantaneous value of AC, 


- Suppose / is the 
Ng resistance (R) in 


1 =Iysineor 
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If dH is small amount of heat 
resistor R, then 


dH =1°R dt [eH =P? RT]... 
In complete cycle (0 — 7), the total heat produced is H. 
After integrating Eq. (i), we get 
Jar=[' Pra = H=f PRM 
0 0 


produced in time df in 


Put the value of 7 in the above equation, we get 
T 
H= J, (I, sin ot)? R dt 
l1- eae | pa 
2 
1—cos2 =] 
2 


T 9 fT 
= TERI, sin? wr dt = IRI, | 
k sin "0t = 


_IGR 
-a 


2 
= al a dt— H cos2Mr d| 


sin 207 | 
20 [o 


fra — cos2wt)dt 


= Tatier -0)- ii 207 -sin oi 
2 20 
4 I 
18 - = Ais 2x20 =ol)t-o7 =2n) 
2 20 
T? 
- 2A lr - 10-0) (-sin 4m = 0] 
2 20 
IgRT : 
= „e (ii) 
2 


If 7 m: is rms value of alternating current and H is the heat 
produced by rms current (/,,,,), then 


H =1} RT „(iii) 
On comparing Eqs. (ii) and (iii), we get 
s ORN 
7 2 
RRT- a p32 t 
2 2 
Ii 
=> I ==, 


=> [Lms = 70.7% of 14] 
From the above equation, we conclude that rms value of 
current is 70.7% of the peak value of current 


» of alternating 
l e way, the rms viue © AUNG emf 
In the same Yia 
(E or Er OF By)" 
rins p —— si ð . 
| G -£2 =0.707 E5 = 707% OF E, 
tims =~ I2 — 
are shown in figų 
The different values Zo» Pay and fems Pee 
given below. 


Io 
Ty, = 0.637 Lo 


RMS and Average value of current on the same graph 


aerae ee a me 
ee ge ee 


4 AC Ammeter and Voltmeter 
T. AC ammeter and voltmeter always measure the virtual value of 
AC or alternating emf. 
They are also called hot wire instruments because deflection in | 
the needle depends upon the heat produced in any coil. | 


H «1. | 


ey 


If we connect ordinary DC ammeter or voltmeter to AC circuit, | 
they read zero becausė average value of alternating 
| current/voltage over a full cycle is zero. | 


Lre -= 


EXAMPLE |1|The instantaneous current from an AC 
source is given by J = 5sin314t. What is the rms value of 
the current? 


Sol. Given, I =5sin314¢t (i) 


We know that, I = I, sinot (ii) 
On comparing Eqs. (i) and (ii), we have 


l =5A and @ =314 


EE E 
= eT ESSA 


rms 


EXAMPLE |2 |Calcul i 
AC supply of 220 y and 50> € instantaneous voltag 
Sol. Given, 


Ey = 220V, V=50Hz 


Since, we 
al ‘east ae that for calculating the peak value of 
B voltage Eo, we can use the relation 


and E =? 


Therefo i = V2Ey =1414 x 220 =311 V 
re, instantaneous voltage, E = E singt 
E = E, sin(2nv)t ° 
~311sin(2n x 50) 


=311sin100n7 


gernatin 


g Current 


„\MPLE |3] In an AC circuit, the rms voltage is 
5 y. petermine the peak value of voltage and its 
j a value during a positive half cycle. 

è 


so- 


Given, Ey = 1004/2 V 


peak value of voltage, E, =? 
Mean value of voltage, E,, =? 


E, = V2Ey = V2(100V2) = 200V 
+, During positive half cycle (0 —> T/2), 

2E, _ 2x 200 

En =—* =——— 


=1274V 
T 314 


[TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


Í. 


wr 


ww 


a 


The peak voltage in a 220 V, AC source is 
(a) 220 V (b) about 160 V 
(c) about 310 V (d) 440 V 


. Ifthe rms current in a 50 Hz AC circuit is 5 A, 


the value of the current 1/300 s after its value 


becomes zero is NCERT Exemplar 
(a) 5V2 A (b) 5V3/2 A 
()5/6A (d)5/V2A 


» Ifthe reading of AC mains voltage bya 


voltmeter is 200 V, then the root mean square 
value of this voltage will be 

(a) 200/2 V (b) 1002 V 

(c) 200 V (d) 400/7 V 


- The reading of an ammeter in an alternating 


circuit is 4 A. The peak (maximum) value of 
current in the circuit is 


(a)4 A (b)8 A 
GER MA 
A o7 


When a voltage measuring device is connected 
to AC mains, the meter shows the steady input 
voltage of 220 V. This means NCERT Examplar 
(2) input voltage cannot be AC voltage, but a DC 
Voltage 
) maximum input voltage is 220 V 
(©) the meter reads not V but < V"> and is calibrated 
to read ile V2> 
(D the pointer of the meter is stuck by some 
Mechanical defect 
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VERY SHORT ANSWER Type Questions 


6. Define the term rms value of the current. How 
is it related to the peak value? All India 2010C 


7. The peak value of emf in AC is Ey. Write its 


(i) rms (ii) average value over a complete cycle. 
Foreign 2011 


8. In many European homes and offices, the rms 
voltage available from a wall socket is 240 V. 
What is the maximum voltage in this case? 


9. An AC current I = I, sin wt produces certain 
heat H in a resistor R over a time T =27/. 
Write the value of the DC current that would 
produce the same heat in the same resistor in 
the same time. All India 2009C 


10. An alternating current is given by 
I =1,coswt + I,sinwt. Determine the rms value 
of current through the circuit. 


11. The current through an AC circuit is I, = Ip(t/1) 
for sometime. Determine the rms current 
through the circuit over time interval t = 0 to 
t=T 


12. Can the instantaneous power output of an AC 
source ever be negative? Can the average 
power output be negative? NCERT Exemplar 


SHORT ANSWER Type Questions 


13. Establish an expression for the average voltage 
of AC voltage V = Vy sin wt over the time 
intervalt =O andt=1n/w. 


14. Which of the following 120 V AC devices cost 
more to operate (i) one that draws an rms 
current of 10 A or (ii) one that draws a peak 
current of 12 A? Explain the reason for your 
answer. 


15 


Show that heat produced in a cycle of AC is 
same as the heat produced by DC with I = I ims 


16. Both alternating current and direct current are 
measured in amperes, But how is the ampere 
defined for an alternating current? 


NCERT Exemplar 
NUMERICAL PROBLEMS 


17. The instantaneous value of current in an AC 
circuit is I =2 sin (100 mt + 2/3) A. At what first 
time, the current will be n aximum ? 
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18. 


20 


2E 


me alternating current in a circuit is given by 
= 20sin(100 nt +.0.05n) A. What is the rms value 
of current? 


(i) The peak voltage of an AC supply is 300 V. 
What is its rms voltage? 

(ii) The rms value of current in an AC circuit is 
10 A. What is the peak current? NCERT 


A light bulb is rated 100 W for 220 V AC supply 
of 50 Hz. Calculate 
(i) resistance of the bulb. 


(ii) the rms current through the bulb: 
All India 2012 


The alternating current in a circuit is described 
by the graph shown in the figure. Find the rms 


current in this graph. NCERT Exemplar 
3 
2 
g! T 
0 
“2T 

-1 

ža t(s) — 

-3 


| HINTS AND SOLUTIONS | 


L 


2. 


(c) Given, Ey = 220 V 
Peak voltage, E, = V2Ey = V2 x 220= 310V 


Thus, option (c) is correct. 


(b) Given, v = 50 Hz, Ims = 5A 
1 ; 
t=—s 
300 
We have to find J (t) 


J, = Peak value 
= V2 Jims =v2x5 


=5/2 A 


I=], sin wt =5V2 sin 2n vt 


= 5V2sin 27 x 50x -L 
300 
=52 sin 7 


=slix 2-57 


4 (c) Given, Í ems 


| Allénone | PHYSICS Clas 
Pe 


3. (c) Ey = 200 V = E rma 


n square value of this voltage is the effecti; 


mea pay 
Root c ien equal to the voltage indicated in 


value of voltag 
voltmeter. 


=4A 
The peak value ofcurrent, Io = I,m V2 = aaa 
(c) The voltmeter connected to AC mains reads niea 


value (<V ?>) and is calibrated in such a way that jt ie 
value of <V >, which is multiplied by form factor tọ ` 


give rms value. l 
It is defined as the value of Alternating Current (AC) 


` over a complete cycle which would generate same 


amount of heat in a given resistor that is generated by 
steady current in the same resistor and in the same time 
during a complete cycle. It is also called virtual value o 
effective value of AC. 
Let the peak value of the current be I. 
_ Jo 
Ems = V2 
Io 


> Tims = V2 


where, I, = peak value of AC. 


. E, = peak value of emf in a complete cycle, 


(i) rms value [E ms] = Eo 


(ii) average value [E] = zero 


E 
. As we know, E m, =—* 
V2 


. Ey (Maximum voltage) 
= E ms X1414 = 339.36 V 


- An AC current J = J, sinwt produces certain heat Hina 


resistor R yer a time T = 2x3.14/«, is given by 

I 
H= (+) RT and the same amount of heat produced 
by DC current in same time is given by H = I’RT. 


As, these heats are equal, then I *RT = (+) RT 
2 


I 
So, I= T Where J stands for DC and I, is the peak 


value of AC current, 


As, hm = ft 
| V2 
and p -h 


Henc 
e, the resultant of these two currents, 


ie) ay E 
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y. The mean ae cri R 16. As we know that, the AC current changes its direction 
Pe +{ Ip (t/t)? dt with time. So, AC ampere must be defined in terms of 
T° some property which is independent of direction of 
lpr i= e i è current. Thus, Joule's heating effect is the property, 
= +I, oe ol3|- 3 which defines rms value of AC. 
° 17. Here, 1=2sin (100 nt + 7/3) A (i) 
iF ( I ) I t= Since, the relation between current and time gives us 
„I = If = 5>] 2 ' ent _ 
os Arms 3 3 T =100 7t 
, , an 1 a 
12. Yes, the instantaneous power can be negative as, a T= A = = s ..{ii) 
P ntantaneous = bis x Vin = I, sin wt x Vi cos wt á T T 1 l 
No, because it is average, so it will be positive, = t= "i aa aa s 


Pa 2V; z 
13. Average voltage, V,, or V,, = = 0.637V, 18. Im =10V2A 


Refer to the text on page 290, ` mer Refer to the Example 1 on page 290. 
14. A a volage are generaly measured _ 19. O Em= A T =2121V [v E, = peak voltage] 
Since, the electric cost is calculated on the power used, (ii) ~ Ting =10 A 
ie. Pe Jing ST a aii [~ I, = peak current] 
“For > Tims =10 A v2 
P, o (10)? nb S Ty = V2 jpg =10xV2 = 1414 A 
and for I, =12A, ` 20. (i) Power, P= EI => P=ExŽ [-1-4] 
> | Tags = aa = B48 A fw = E pa E (220)* 
>, P, œ (848)? „(ii) dean jó 
So, from Eqs. (i) and (ii), the device that draws a rms, 7 100 Bi 


current of10 A costs more to operate. 


(ii) The peak voltage of the source is E m E 
V2 
15. For an AC, J, = I, sinwt > E, =E, „XV2 
Heat produced in a resistance in small time dt, = 220/2 =31113 V 
dU = I?R dt =(I,sinwt)’Radt P fi ade. Bo Sm 
` Heat produced during a full cycle of AC, 2 Ry2 asav2 
gel . 2 31113 _ 
= = t dt = = 045A 
U= fdu = IR], sin*o 684.479 
-lè R[T] [oT = 2n] 21. From the graph, 1, =1A, l, =- 2A and], =1A 
l I 1 = [EHR [Pera 
=e U = I? RT |- | pe = +] is r 3 3 
Thus, we see that AC produces same heating effect as DC | 7 V2=1414A 


of value I= 


|TOPIC 2| 
AC Circuits 


Phasor Diagrams 


The study of AC circuit is much simplified, if we represent 
alternating current, alternating emf as rotating vector, with 
the angle between the vectors equal to the phase difference 
between the current and the emf. These rotating vectors 
representing current and alternating emf are called phasors. 


A diagram representing alternating current and alternating 
emf (of same frequency) as rotating vectors (phasors) with 
the phase angle between them is called phasor diagram. 
The length of the vector represents the maximum or peak 
value, i.e. J) and Ey. The projection of the vector on fixed 
axis gives the instantaneous value of alternating current and 
alternating emf. In sine form, (/ = Tọ sin wrand E= Ep 
sin œz), projection is taken on Y-axis. In cosine form, 
(I = I, cos@rand E = Ey cos œt), projection is taken on 
X-axis. 


losin wt 


Phasor diagram 


DIFFERENT TYPES OF 
AC CIRCUIT 


In this section, we will derive voltage current relations for 
individual as well as combined circuit elements carrying a 
sinusoidal current. Here, we will only consider resistors, 
inductors and capacitors. 


AC through Resistor 


Suppose a resistor of resistance R 
is connected to an AC source of 
emf with instantaneous value (£), 
which is given by 
E = E, sin œt seat) 
F E 
Let E be the potential drop across An ac voltage applied 
resistance (X), then a resistor. i 
E=IR ie 
(ii) 


«+ Instantaneous emf = Instantaneous value of potential drop 


From Eqs. (i) and (ii), We have | 

IR = E = Eo sin Ot 

E _ Eosin Wt 

7 "R R 
E 


‘ng / = Elk with Ohm’s law, we find 
eee equally well for both AC and DC a te 
From Eqs. (i) and (iii), we get that for resistor there jg 
zero phase difference between instantaneous alternating 
current and instantaneous alternating emf (i.e. they are in 


same phase). 


Graph of E and I versus wt 


Phasor Diagram 


Here, peak values Eg and /, are represented by vectors 
rotating with angular velocity œ with respect to horizon 
reference. Their projections on vertical axis give their 
instantaneous values. 


=> £ 


I Eh 
nsina] | Eosinot 


O 


Phasor diagram for a purely 
resistive circuit 


EX | 
AMPLE |1] A resistance of 202 is connected tor 


sour i 
‘ce of alternating current rated 110 V, 50 Hz. Find th? 
(i) rms current, 


(ii) maximum inst 
(ii) time taken p 
maximum va 


antaneous current in the resisto! 


y the current to change from its 
lue to the rms value, 


lt 


1 Given. 
The rms value of voltage, FE =110V 
frequency, V = 50 Hz 


mating Current 
e 


resistance, R = 20Q 


(i) les R 20 
(i) h= V2 I ims =1414x55=78A 
(ii) Let the AC be represented by 7 = I, cos wt 
Att =0,] = I, cos0 = I (max) 


I 
Att=t, let] =I, =T I, cos wt 


t ] = cos => wt 3 2 T 
«+ cosol == = a =— > 2nvt=— 
i 2 4 4 


per 25X105 
8v 8x50 


ACthrough Inductor 


Suppose an inductor with self-inductance (Z) is connected to 
anAC source with instantaneous emf (£), which is given by 
E =E singt at) 
L 


I e 


K 


E 
An AC source connected to an inductor 


When key Kis closed, then current / begins to grow because 
magnetic flux linked with it changes and induced emf 
produces which opposes the applied emf. 

According to Lenz’s law, 


=~] =. (i) 
dt 


Where, e is induced emf and £ is the rate of change of 
rent, dt 


To maintain the flow of current in the circuit, 


‘Pplied Voltage must be equal and opposite to the 


"duced emf i.e. 


=-= e 


E=. (- +] d Lal or d= a dt [from Eq. (i)] 
i dt) dt L 
“Stating the above equation on both sides, we get 


[dr = £ _¢ Esino -E = Esin 0t] 
Jiasi |2 dt | 0 

È tapja 

@ 


Ta © í PE Egy) =x 
OL 2- wr) [a $ 
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= [= Ei intr - 7/2) sai (1i) 
(0A 
If sin(wt — 1/2) = maximum = 1, then / = Iy 


E 
where, peak value of current, 7} = Ar 


I =J,sin(wt — 7/2) -- (ili) 
From Eqs. (i) and (iii), it is clear that in a pure inductor, 
the current lags behind the voltage by a phase angle of 
T/2 radians (90°) or the voltage leads the current bya 
phase angle of 1/2 radians (90°). 


Graph of E and I versus wt 


Phasor Diagram 


The phasor representing peak emf E o makes an angle œz, in 
anti-clockwise direction from horizontal axis, As current 
lags behind the voltage by 90°, so the phasor representing 
Io is turned 90° clockwise with the direction of F i. 


Phasor digram for purely inductive circuit 


Inductive Reactance (X) 


The opposing nature of inductor to the flow of alternating 
current is called inductive reactance. 


As, [= Ee infor = 7/2) or) = Ep lol 


E 
Comparing the above with Ohm’s law, J, as The 


quantity WL is analogous to the resistance and is denoted by 


se 


where, X , is called inductive reactance. 
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If f is the frequency of AC source, then 
X,=OL=2nvL oval) k o= 22 - anv] 


The dimension of inductive reactance is the same as that of 
resistance and its SI unit is ohm (Q). The inductive 
reactance limits the current in a purely inductive circuit in 
the same way as the resistance limits the current in a 
purely resistive circuit. It is also directly proportional to the 
inductance and to the frequency of the AC current. Thus, if 
the frequency of AC increases, its inductive reactance also 
increases. 

If inductor is connected to DC source L 


v=0 [-v=2] ies 
T 


Here, v is frequency. So, from Eq. (i) PERRERA 
X, =0. 
Therefore, inductor passes DC and blocks AC of very high 
frequency. 
EXAMPLE |2| Altemating emf of E = 220sin100zt is 
applied to a circuit containing an inductance of (1/7) H. 
Write equation for instantaneous current through the 
circuit. What will be the reading of AC galvanomete 
connected in the circuit? : 
SoL Given, E = 220sin1007 t 

E, = 220 V, œ =1007, L =(1/7)H 

Since, inductive reactance, X, = WL 
X, =1007 x= =1002 


As current lags behind the emf by a phase angle of 


I = 1, sin(wt — 1/2) = 2.2 sin (100nt — 1/2) 


I 2.2 
. Reading of AC galvanometer, J, = T = 
2 2 
= = =1.55 A 
v2 


AC through Capacitor 


Ler us consider a capacitor with capacitance C be connected . 


to an AC source with an emf having instantaneous value, 
E=E sine (i) 
C 


E 
An AC source connected to a capacitor 


| All“zone | PHYSICS Class 12th 


Duc to this emf, charge will be produced and it will char ; 
the plates of capacitor with positive and negative charge.’ If 
potential difference across the plates of capacitor is V, the, 


= Z or q= CV 
C 
The instantaneous value of current in the circuit, 


[2 V = 


7 £ CE, sin œ) [e E = Eo sin wy] 
t 


= CE, cos Wt X @ 


Eo 
= cost 
1/@C 


sin(wt + 10/2) (ii) 


jei 
= ~ Wac 
[:- cos @t = sin(T/2+ ot) 


J will be maximum when sin(œt + 1/2) =1, so that J =/, 
Eo 


where, peak value of current is, lọ = Toe 


I =J,sin(we +m /2) ...(iii) 


From Egg. (i) and (iii), it is clear that in a perfect capacitor, 
the current leads the voltage by a phase angle of n/2 


‘radians (90°) or the voltage lags behind the current by a 


phase angle of 1/2 radians (90°). 


Graph of E and I versus wt 


Phasor Diagram 


The phasor representing peak emf £ o makes an angle Of 
in anti-clockwise direction with respect to horizontal axis. 
As current leads the voltage by 90°, the phasor representing 
I ois turned 90° anti-clockwise with the phasor representing 
Eo. The projections of these phasors on the vertical axis gi¥¢ 
instantaneous values of E and J. 


Io sin (@t,+ 7/2) 


4 
hasor digram for purely capacitive circuit 


ghernating Current 


instantaneous value of 
fhe tor is given by 


či 
j= Eo sin (@t+n/2)=7 si Z 
aC yor 


alternating current through a 


t 


j Sam 


i 1/@C 
X-=—= 
C ac 


comparing the above with Ohm’s law we get, / Eo 


her Xc is called capacitive reactance. 
rhe opposing nature of capacitor to the flow of 
sent i called capacitive reactance, 


fv is the frequency of the alternating current, then 


a cosa 
€ 2nvC a o TA 


The dimension of capacitive reactance is same as that of 
| resistance and its SI unit is ohm (Q). The capacitive reactance 
limits the amplitude of the current in a purely capacitive 
crouit in the same way as the resistance limits the current ina 
purely resistive circuit. It is inversely proportional to the 
apacitance and frequency of the current. 

Thus, if frequency of AC increases, then its capacitive 
reactance ‘decreases, 


alternating 


| E C 
When capacitor is connected to DC 
source, 
c= ES = 1 = su Pi 
i oC 0 DC source 


[e for DC, m =2nv=0, asv =0] 
Thus, capacitor blocks DC and acts as open circuit while it 
Pases AC of high frequency. 


XAMPLE |3] A capacitor of 10uF is connected to an AC 
wute of emfE = 220sin100nt. Write the equation of 
htantaneous current through the circuit. What will be 
‘leading of AC ammeter connected in the circuit? 
ai Given, capacitance, C =10ŅF = 10x10°F, 
“emf, E = 220sin10ont = E,sinwt 
> Ey =220V, w = 2nv = 100m = V = 50H 


‘ince, Capacitive reactance, 
ge 1 1 1 = 31852 
c=— = A. 
@C 2rvC 2x314Xx50x1 
1, = 0 220 0691A 
Xè 318.5 
So, Teding of AC ammeter, 
ly z do = 0:691 0.489 A 
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AC THROUGH L-C-R CIRCUIT 


Suppose that an inductor (Z), a capacitor (C) and a resistor 


(R) are connected in series to an AC source. / is the current 


passing through this circuit. As R, L and C are in series, 
therefore at any instant through the three elements, AC has 
the same amplitude and phase. Let it be represented by 

I= I sino : 
However, voltage across each element bears a different 
phase relationship with the current. 


Vi =X, [V, is maximum voltage across L] 
Ve =hXc [Vc is maximum voltage across C] 
Vr= IR [Vp is maximum voltage across A] 


bh VW — Vg. —+— vg —4 
A 


AC source, E = Ey sin at 


An AC source connected to L-C-R circuit 


Inside the above figure for a L-C-R circuit, phasor diagrams 
of each L, C and R are given. To form phasor diagram for 
series L-C-R circuit, combine all these phasor diagrams. 


Eo 


Phasor diagram for a series L-C-R circuit 


Since, voltage (V; ) is in upward direction and voltage (Vo) 
in downward direction, so net voltage upto point A is 
V; -Ve (assuming V; > Vc) and net maximum voltage is 


0 . 
From phasor diagram, 


OB = Joc + (CB)? = Jv? +(V, -Vo)? 
a Ey =R? +X, -X t OB= E,] 
> E, = TR? +(X, -Xo 


Zante JA,- Xo 
Io 
Here, Z is called impedance. 
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Impedance 


It is the toral resistance of a circuit applied in the path of 
alternating current. It is given by 


Z= R? +(X,- Xe)" wi) 


From phasor diagram, it is clear that voltage leads the 


current by an angle 9. 
B 
W 
C R (0) 
Impedance diagram of L-C -R circuit 


<. From AOCB, 


p ia oan 


OC Vz TR 


= tano= (ii) 
So, the alternating emf in the series L-C-R circuit would be 
represented by E = Ey sin(wr + 9). 
Eqs. (i) and (ii) are graphically shown in the above shown 
graph. This is called impedance diagram, which is a right 
angled triangle with Z as its hypotenuse. 
The amplitude and phase of current for an L-C-R series 
circuit is obtained by using the technique of phasors. But 
this method of analysing AC circuits have certain 
disadvantages. Firstly, the phasor diagram does not signify 
anything about initial condition. One can take any arbitrary 
value of + and draw different phasors which shows the 
relative angle between different phasors. The solution so 
obrained is called the steady state solution. 
Special Cases 
(i) When X, = Xc» then Z=R and tanġ=0 
[+ 9=0"] 
Hence, voltage and current are in the same phase. 
Therefore, the AC circuit is non-inductive. 
(ii) When X; > Xc» then tan @ is positive. 

Hence, voltage leads the current by a phase angle ġ. 
Therefore, the AC circuit is inductance dominated 
circuit. 
When Xc > X, then tan is negative. 
Hence, voltage lags behind the current by a phase 
angle ġ. Therefore the AC circuit is capacitance 
dominated circuit. 


(iii) 
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is showing, variation of FE and I wit 


A graph (given below) 
wt for the case, X; > Xc. 


Eorl 


Graph of E and | versus ot for 
series L-C-R circuit when Xc < X, 


EXAMPLE |4}-A capacitor of 100uF and a coil of 
resistance 509 and inductance 0.5 H are connected in 
series with a 110 V -50 Hz source. Calculate the mms value 
of current in the circuit. 
Sol. Given, capacitance, C =100 uF =100 x 10°° F=10 °F 

Resistance, R = 50 Q 

Inductance, L = 05 H 

Rms value of voltage, Ey =110V 

Frequency, v = 50 Hz 

Since, capacitive reactance, 


a. 1 1 
Xc =— = = —————_, 
@C 2mvC 2x3.14x50x10 
Xc =3185Q 


and inductive reactance, 
X, =@L = 2nvl = 2xX3.14 X50X0.5=157Q 


' Impedance, Z = R° +(X,- Xe)? 


= (50)? + (157 3185)? =13477Q 


EXAMPLE |5] A coil of 0.01H inductance and ‘9 
resistance is connected to 200 V, 50 Hz AC supply. Findihe 
impedance of the circuit and time lag between maxinum 
alternating voltage and current. NCERT Exenpla" 
Sol. Given, inductance, L = 001 H 

Resistance, R=1Q 

Voltage, V= 200 V 

Frequency, v = 50 Hz 


Impedance of the circuit, Z = yR? +X? 
= R? 2 - ET 
VR? +(2nvL) = yl? + (2 x314<50 x 001) 


= 410.86 =3.3Q 


sating Current 


ptt 


í OL _ 2nvl, 2X314 x 50 x 001 

as Re enemas BA 

=» $= tan” (314) = 72° 
72X 1 

ase difference, ¢ =~ rad 
Phas 180 
Time lag between maximum alternating Voltage and 
current, 

- 72 
eS ew Ue is 
© 180 2nx50 250 
Resonance 


ina series L-C-R circuit, when phase 
and voltage is zero, then the circuit js 
circuit. i 
As applied frequency increases, then 


() between current 
aid to be a resonant 


Ss 
X,=@L, X, increasesand Xo =—, 


Xç decreases. 


At some angular frequency («, ), roe 
l 
X =@ L X eis 
L r G 0,C 
The frequency at which X o and X ı become equal, is 
called resonant frequency. 


where, 


I > > j 
> 0, L =—— or O, =—~or (2rv,) =— 
,C L 


r 


[ 0, =2nv,, where v, is resonating frequency] 


l 
2V, = —— 


VLC 


At resonating frequency, 
Z = R= Minimum 


E , 
I = — = Maximum 
i Z 
ince, Z is minimum, therefore J will be maximum. 


EXAMPLE |6| A2 uF capacitor, 100 Q resistor and 8 H 


ductor are connected in series with an AC source. What 
rele be the frequency of source for which the current 

in the circuit is maximum? If peak value of emf of 
nite is 209 V, find the maximum current, lint 
ance, Capacitive reactance, total impedance, pea 
bate of current in the circuit. What is the phase eet 
aie the voltages across inductor and resistor: ‘ 


i r 
w the Phase relation between voltages across inducto 
Capacitor, 
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Sol. Given, capacitance, C = 2uF =2x10°°F 
Resistance, R = 100 Q 
Inductance, L = 8 H 
Peak value of voltage, E, = 200V 


When frequency of AC source is equal to resonant 
frequency, 


then current drawn in the circuit is maximum. 
1 


1 
Ve Vy, = oe = eee 
" anVic 2X314 x/8X 2X10 Í 
= 1000 = 398 Hz 
8x 314 


Peak value of current, I, = Es Maa 
R 100 
Xc =X, =OL = 2nvk 
= 23.14 x 39.8 x 8 = 20002 =Z = R=102Q 
The voltages across inductor and resistor differ in phase 


by 90° and the voltages across inductor and capacitor 
differ in phase by 180°. 


Quality Factor (Q-F actor) 


It is the measure of sharpness of the resonance of an L-C-R 
circuit. It is defined as the ratio of voltage developed across 
the inductance or capacitance at resonance to the impressed 
voltage, which is the voltage applied across R. 


Q-factor = Voltage across Z (or C) 


Voltage across R 


ViorVe 1 fl 
Qfaror = ATE = JE 


=2A 


Vz R 


Q is just a number having no dimensions, it can also be 
called voltage multiplication factor of the circuit. 

The electronic circuit with high Q 
values would respond to a very 
narrow range of frequencies and 
vice-versa, Higher the value of Q, 
the narrower and sharper is the 
resonance, 


Q-factor can also be defined as the 
ratio of the resonant frequency to 


| R 


y = 
the difference in two frequencies I versus w graph of an 
taken on both sides of the L-C-R circuit 


resonant frequency such that at 
; Lo, 
each frequency, the current amplitude becomes — times 


the value at resonant frequency. 
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Mathematically, 
w, 
@, -@, 


Q-factor or Q= 


where . 
07 07. i and 0, are frequencies when current decreases to 
-707 (1/ V2) times the peak valuc of current. 


We can also write, @, =@, + Aw 
r 


Ww, =0, -åW 

The difference @,-@,=2AW is often called the 
bandwidth of the circuit. 

Thus, from the above, Q-factor can also be defined as the 
ratio of resonant angular frequency to bandwidth of the 
circuit. 


The smaller the bandwidth (Aw), hie sharper and narrower 
is the resonance. 


kpt 
¥ Significance of Q-Factor 


* Q-factor denotes the sharpness of tuning. 


* High Q-factor indicates lower rate of energy loss. 
< Higher value of Q-factor indicates sharper peak in the current. 
* For R =Q, Q-factor = infinity 


AVERAGE POWER ASSOCIATED 
IN AC CIRCUIT 


Power is defined as the rate of doing work. 
pad 
dt 


or 
Power is defined as the product of voltage and current. 
In AC circuit, both emf and current change continuously 


with respect to time. So in it we have to calculate average 
power in complete cycle (0 —> T). 


Instantaneous power, P = E/ 


asli) 


(ii) 
[ E = Esin oz, J = J 4sin(wr+ ġ)] 
Here, E and / are instantaneous voltage and current, 
respectively. If the instantaneous power remains constant 
for a small time dt, then small amount of work done in 
maintaining the current for a small time dt is 


dw 
— = EI 
dt 
=> dW =E] dt 


.. (iii) 


Integrating Eq. (iii) on both sides, we get 


faw=J" Era 


r YSIC 
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in maintain} 
k done of energy spent ng “Urten, 
Total wor 


over one full cycle, 


; , e wr t+ o)dt 
w= f E,sin OF lo sin 


T in eor(sin œr cosh + coso sin o) dt 
= Eolo f, : i 


A 
Faa in J sin @ 
= Eyl | osf, sin? we dt +si j 0 ‘sora 


i 12 <0?" 
= Elo cost | 2 


ay : 
i A 2sin Wt cos: 4, 


pa T 
_ Eolo [coso (1) rex fe cos 2 de) . 
2 +sin of, izord 


(oi = is cos 20)t as} 


: ' 
+sin of sin zordi 
T . 
But [cosa dt =0 or and J, sin 20t dt =0 


Eglo 
2 


fol 
w ELL cose 


Average power associated in AC circuit, 
W Eglo cosh Elo 
= ce 
2r 2 


ay 


or 


I = a Se cosh 
=EyIy coso 


Here, cos is power factor, which is defined as the cosine of 
the angle of lag or lead. 


If P is true power or average power, then power factor 


given by, 
cost = a 7 True power spend 
eo R Apparent power Z 


Here, ¢ is the Phase difference between / ung and Ers 


Special Cases 
(i) AC circuit containing R 
When $=0°, then Pw = Ey Iy cos0° 
$ av =Ep V 
0, average power in R is maximum. 


mating Current 


pie 


‘) AC circuit containing L 
(i i 
When >= at then P= Eyl, cost 


Ra =0 
So, average power in L is zero, 
ai) AC circuit containing C 
i 


T 
When $= , then P =Eyly cos 
P, =0 


So, average power in C is zero, 
(iv) AC circuit containing Land R 


OL R 
When tan ġ = — > cosh = —— > 
R R4w?p 
R 
then Pa = gd yy = 
RHL 


(v) AC circuit containing C and R 
1/@C R 


> cosb= 
VR? +1/0C? 
R 
JR? +110? 


(vi) AC circuit containing L, Cand R 


When tan ọ = 


then P,=Eyly - 


When ape 
R 
R 
> cos d= ; 
R? + (oL —1/0C) 
R 
then Pa =Evyly s 


R? +l ol 2) 
+|@ me 


EXAMPLE |7| A sinusoidal voltage of peak value 283V 
i frequency 50 Hz is applied to a series L-C-R circuit in 
P 


ChR=30 L = 25,48 mH and C =796pF. Find 
0) the impedance of the circuit. 
Ë) phase difference between the voltage across the 
ip ource and current. 
k - Power dissipated in the circuit. 
Sol ‘ Power factor. 
Given, E, = 283V, v = 50Hz, R= 32, 
L = 2548mH = 2548x10-H 
and C= 796 nF =796x10°°F 
(i) Since, inductive reactance, X; = OL 
= = J 
i x50x2548x10” =82 


NCERT 
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Since, capacitive reactance, 
1 1 I 


T OnvC  2x3.14x50x796x10 ° 


ac 
Xe =4Q 


<. Impedance, Z = JR’ +(X, - X+)” 
= 43? +(8-4)? =52 


(ii) Phase difference, 
b= an” % = žc)- tan” (=) =531° 
R 3 


It means that the current in the circuit lags behind the 
voltage by 53.1° 


(iii) Power dissipated in the circuit, P = IR 
lo = _ 283 =40A 
V2Z 1.414x5 
P = IyR=(40)? x3 = 4800W 
(iv) Power factor, cos = cos 53.1°= 060° 


EXAMPLE |8| Suppose the frequency of the source in 
the above example can be varied. 


(i) What is the frequency of the source at which 
resonance occurs ? 
(ii) Calculate the impedance, the current and power 
dissipated of resonant condition. NCERT 
1 
anVLC 
1 


Sol. 


(i) Resonant frequency, v = 


a ae 
2x 314 x ¥2548x107 x 796x107 


=354Hz 
(ii) At resonance, Z = R=3Q 
Ey 283 


“, Power dissipated, P = IÈR 


= (667)? X3=13350 V 


WATTLESS CURRENT 


The current which consumes no power for its maintenance 
in the circuit is called wattless current or idle current. 
or 

If the resistance in an AC circuit is zero, although current 
flows in the circuit, then the average power remains zero, 
ic. there is no energy dissipation in the circuit, such a 
circuit is called wattless circuit and the current flowing is 
called wattless currént. 

If the cirsuit contains either inductan 
then phase difference between curre 
i.e, $ = 90°. The average power in 5 


ce or capacitance only, 
nt and voltage is 90°, 
uch a circuit is 


Bey = Vien I pee cos = Vms X Zim X cos90° =0 
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| TOPIC PRACTICE 2| 


OBJECTIVE Type Questions 


E 


2: 


= 


4. 


Which of the following graphs shows, in a pure 
resistor, the voltage and current are in phase? 


Voltage and current in an AC circuit are given 
by 

V = 5sin (100 xt — 1/6) 
and /J=4sin (100nt + 7/6) 
(a) voltage leads the current by 30° 
(b) current leads the voltage by 30° 
(c) current leads the voltage by 60° 
(d) voltage leads the current by 60° 
A resistance of 20 2 is connected to a source of 
an alternating potential, V = 220.sin (1007 t). The 
time taken by current to change from its peak 
value to rms value is 
(a) 0.2s 
(c) 25x107? s 


(b) 0.25 s 
(d)2.5x 1073s 


The inductive reactance is directly proportional 
to the 

(a) inductance 

(b) frequency of the current 

(c) Both (a) and (b) 

(d) amplitude of current 


A pure inductor of 25.0 mH is connected to a 
source of 220 V. Find the inductive reactance if 
the frequency of the source is 50 Hz, 

(a) 785Q (b) 6.50 

(c) 7.859 (d) 8.759 


Current / across the capacitor in a purely 
capacitive AC circuit is 
(a) im sin (wt + 1/4) 
(b) i,, sin (wt + 7/2) 
‘(c) i, cos (Wt + 1/4) 
(d) i,, cos (wt + 7/2) 


10. 


11. 


12. 


r PHYSICS 
| Allynone | Class lay 


c of the oscillating current int 


amplitud ircuit is, FV =V, sing, “è 
sae capacitive AC circu? ment ang 
apacitance = ~ oCV, 
“mace o 
(a) OCV m ( gs 


tor is connected to a 220 y 
acitive reactance jg 
(c) 2122 (d) 2040 


A 15.0 pF capaci 
50 Hz source. The cap 
(a) 22092 (b) 215 2 


If inductance 
L, Cand R rep d resistance respectively. Whig, 


citance an : i : 
ne following dimensional formula is not of 
9 
ial R io 1 (d) c 
(a) e H7 VLC L 
To reduce the resonant frequency in an L-C-p 


series circui NCERT Exempla 


(a) the generator frequency should be reduced 
(b) another capacitor should be added in parallel to 


t with a generator 


the first 
(c) the iron core of the inductor should be remoyed 


(d) dielectric in the capacitor should be removed 


In a series L-C-R circuit, the capacitance C is 
changed to 4C. To keep the resonant frequency 
same, the inductance must be changed by 

(a) 2L (b) L/2 

(c)4L° (d) LAA 

Which of the following combinations shouldbe 
selected for better tuning of an L-C-R circuit 
used for communication? NCERT Examplar 
(a) R= 20Q, L =15H, C =35u F 

(b) R=25Q, L =25H, C =45uF 

(c) R=15Q, L =35H, C =30uF 

(d) R=25Q, L =15H, C =45uF 


VERY SHORT ANSWER Type Questions 


13. 


14. 


15. 


An electric lamp is connected in series witha 
capacitor and an AC source is glowing witha 
certain brightness. How does the brightness ° i 
the lamp change on increasing the capacitanc® 


Explain the statement that a capacitor is 4 

ri very high frequencies. Compa"? 
nls behaviour with that of a capacitor in 4 at 

circuit after the Steady state. we 


tN the sign of the phase angle @, bY. af 

he the supply voltage leads the current! 

nf series circuit, change as the supply ow 
€quency is gradually increased from ve" w 

to very high values. NCERT Exe" 


ppernatin 


16. 


17. 


21. 


22, 


g Current 


Define ‘quality factor’ of resonance in series 
L-C-R circuit. What is its SI unit? Delhi 2016 


How can you improve the quality factor of a 


series resonance circuit? 


Mention the significance of quality factor, 


Foreign 2012 
Adevice X is connected to an AC source 
V =V sinwt. The variation of voltage, current 
and power in one complete cycle is shown in 
the following figure. 
(i) Which curve shows 
over a full cycle? 


(ii) Identify the device X. 


power consumption 


SHORT ANSWER Type Questions 
20. 


Explain, why the reactance offered by an 
inductor increases with increasing frequency of 
an alternating voltage? NCERT Exemplar 


(i) When an AC source is connected to an ideal 
inductor, show that the average power 
supplied by the source over a complete 
cycle is zero. 

(ii) A lamp is connected in series with an 
inductor and an AC source. What happens to 
the brightness of the lamp when the key is 
plugged in and an iron rod is inserted inside 
the inductor? Explain. 


L Lamp 
All India 2016 
A capacitor C, a variable à B 
resistance R and a bulb B 
are connected in series to 
the AC mains in circuit as Mains 


shown in the figure. The 
ulb glows with some 
brightness. How will the glow + a feed 
change, if (i) a dielectric slab is alee i ing 
etween the plates of the capacitor, Tere 
resistance R to be same; 


23. 


24. 


26. 


27. 
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(ii) the resistance R is increased keeping the 
same capacitance? Delhi 2014 


(i) The graphs (a) and (b) represent the variation 
of the opposition offered by the circuit 
element to the flow of alternating current 
with frequency of the applied emf. Identify 
the circuit elements corresponding to each 
graph. 


to current —~ 


c [= 
fe) oc 
= =o 
e] H = 
O O 3 
Q ao 
Q Qo 
ie) Q= 


O Frequency — O Frequency —— 
(a) (b) 


(ii) Write the expression for the impedance 
offered by the series combination of the 
above two elements connected across the 
AC source. Which will be ahead in phase in 
this circuit, voltage or current? All India 2011 

(i) Draw a graph showing variation of 
amplitude of circuit current with changing 
frequency of applied voltage in a series 
L-C-R circuit for two different values of 
resistance R, andR,(R, > R,). 

(ii) Define the term ‘Sharpness of Resonance’. 
Under what condition, does a circuit become 
more selective? Foreign 2016 


Prove that an ideal capacitor in an AC circuit 
does not dissipate power. All India 2017 C 


In the analogy between series L-C-R circuit and 
a mass on a spring, the mass is analogous to the 
inductance and the spring constant is 
analogous to the inverse of the capacitance, 
Explain giving reason. 


In series L-C-R circuit, the plot of Imax VETSUS O 


is shown in the figure. Find the bandwidth and 
mark in the figure. 


+ 
0.5 1.0 1.5 2.0 
w(rad/s)— 


NCERT Exemplar 
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LONG ANSWER Type I Questions 


28. An inductor L of inductance X, is connected in 


senes with a bulb B and an AC source. How 
would brightness of the bulb change when 
(i) number of turns in the inductor is reduced? 
(ii) an iron rod is inserted in the inductor? ` 
(ii) a capacitor of reactance Xç = X, is inserted 
in series in the circuit? Justify your answer 
in each case. All India 2015 


(i) When an AC source is connected to an ideal 
capacitor. Show that the average power 
supplied by the source over a complete 
cycle is zero. 

(ii) A lamp is connected in series with a 
capacitor. Predict your observations when 
the system is connected first across a DC 
and then an AC source. What happens in 
each case, if the capacitance of the capacitor 
is reduced? Delhi 2013 C 


29. 


30. 


Answer the following questions. 

(i) What is the minimum value of the power 
factor of a circuit? Under what circumstances 
can it occur? 

(ii) State the maximum value of the power 
factor? Under what circumstances can this 
occur? 


31. An AC voltage V =V,, sin wt is applied across an 
inductor of inductance L. Find the 
instantaneous power F, supplied to the 
inductor. Show graphically the variation of P, 
with of. 


32. Study the circuits (a) and (b) shown in the 
figure and answer the following questions: 


R R ê; L 
(a) (b) 
. (i) Under which conditions would the rms 
currents in the two circuits be the same? 


(i) Can the rms current in circuit (b) be larger 
than that in (a)? NCERT Exemplar 


33. Inthe L-C-R circuit, shown in the figure, the 
AC driving voltage isV=V,,sinwt, | 
(i) Write down the equation of motion for q(t) 
(ii) Att =to, the voltage source Stops and R is 
short circuited. Now, write down how much 
energy is stored in each of L and C. 
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quent motion Of charge, 


(iii) pescribe subse orena ao 
R L 
C 
V = Vp Sinot 
LONG ANSWER Type II Questions 


rce of voltage V = Vo sin wt is 

34. aces toa series combination of L C andR 
Use the phasor diagram to obtain expressions 
for impedance of the circuit and phase angle 
between voltage and current. Find the 
condition when current will be in phase with 
the voltage. What is the circuit in the condition 
called? Delhi 201s 


(i) What. do you understand by sharpness of 
resonance in a series L-C-R circuit? Derive 
an expression for Q-factor of the circuit. 

(ii) Three electrical circuits having AC sources of 
variable frequency are shown in the figures 
Initially, the current flowing in each of these 
is same. If the frequency of the applied AC 
source is increased, how will the current 
flowing in these circuits be affected? 


35. 


Give the reason for your answer. Delhi20! 
R L C 
E Ẹ Ẹ 


36. Derive an expression for the impedance of a 
series L-C-R circuit connected to an AC supply 
of variable frequency. Plot a graph showing 
variation of current with the frequency of the 
applied voltage. Explain briefly how the 
phenomenon of resonance in the circuit can 
used in the tuning mechanism of a radio of 2!" 
set? pelhi 20!! 


37. (i) Show that a series L-C-R circuit at 
resonance behaves as a purely resistive 
circuit. Compare the phase relation petwer 
Current and Voltage in series L-C-R circu! 


for 
(a) X, > Xe 
b zi r 
(b) X, = x, using phasor diagrams. eit ® 


(ii) What is a 


n ac ; . her 
used? ceptor circuit and W 


ja series, L-C-R circuit connected to an AC 
ource of variable frequency and voltage 
mA sin wf, draw a plot showing the variation 
of current J with angular frequency w, for two 
different values of resistance R,and R} (R, > R,). 
write the condition under which the 

penomenon of resonance occurs. For which 
value of the resistance out of the two curves, a 
sharper resonance Is produced? Define Q-factor 
of the circuit and give its significance. 

All India 2013 


a device X is connected to an AC source, 
v =V sin ot. The variation of voltage, current 
and power in one cycle is shown in the 


following graph. 
wot 


i ! ' 
ys 1 

a é t P i \a } Ssa 

7 a e ' j \! we ìi 
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(i) Identify the device X. 

(ii) Which of the curves A, B and C represent the 
voltage, current and the power consumed in 
the circuit? Justify the answer. 

(iii) How does its impedance vary with 
frequency of the AC source? Show 
graphically. 

(iv) Obtain an expression for the current in the 


circuit and its phase relation with AC 
voltage. All India 2017 


(i) A voltage V = Vysinwt applied to a series 
L-C-R circuit derives a current J = /)sinwt in 
the circuit. Deduce the expression for the 
average power dissipated in the circuit. 

(ii) For circuits used for transporting electric 
power, a low power factor implies large 
power loss in transmission. Explain. 

(iii) Define the term wattless current. Delhi2012 


Adevice X is connected across an AC source of 
Voltage V = V,sinwt. The current through X is 


Biven as J = J, sin [wr + z) 


(a) Identify the device X and write the 
expression for its reactance. 
) Draw graphs showing variation of voltage 
current with time over one cycle of AC, 
or y, 
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(c) How does the reactance of the device X vary 
with frequency of the AC? Show this 
variation graphically. 


(d) Draw the phasor diagram for the device X. 
CBSE 2018 


NUMERICAL PROBLEMS 
42, An alternating voltage given by E =140 sin 314¢ 
is connected across a pure resistor of 50 Q. Find 


(i) the frequency of the source. 


(ii) the rms current through the resistor. 
i All India 2012 


A coil of inductance 0.5 H and resistance 100 Q 


is connected to a 240 V, 50 Hz AC supply. 
(i) What is the maximum current in the coil? 
(ii) What is the time lag between the voltage 
maximum and current maximum? 
NCERT 


A100 uF capacitor in series with a 40 Q 
resistance is connected to a 110 V, 60 Hz supply. 
(i) What is the maximum current in the circuit? 
(ii) What is the time lag between the current 
maximum and the voltage maximum? 
NCERT 


A resistor of 400 Q, an inductor of 5/r H anda 


45. 


„i 50 . f 
capacitor of —uF are connected in series across 
T 


a source of alternating voltage of 140 sin100rxrt V. 
Find the voltage (rms) across the resistor, the 
inductor and the capacitor. Is the algebraic sum 
of these voltage more than the source voltage? If 
yes, resolve the paradox. Foreign 2010 


(i) Find the value of the phase difference 
between the current and the voltage in the 
series L-C-R circuit shown below. Which one 
leads in phase, current or voltage? 


L=100mH C=2\F R=400Q 


N H 


V=Vo sin (1000 t + ¢) 


(ii) Without making any other change, find the 
value of the additional capacitor C’, to be 
connected in parallel with the capacitor C, in 
order to make the power factor of the circuit 
unity. Delhi 2017 
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47. Determine the value of phase difference 
between the current and the voltage in the 


given series L-C-R circuit. Delhi 2015 
R=4009 

V = Vpsin(1000 t+-¢) C=2 IF 
L=100 pH 


48. A10 V, 650 Hz source is connected to a series 
combination of R =100 Q, C = 10pF and 
L=0.15 H. Find out the time in which resistance 
will get heated by 10°C, if thermal capacity of 


the material = 2J/°C. 


49, Calculate the quality factor of a series L-C-R 

circuit with L= 20H,C= 2uF andR = 10 2. 
Foreign 2012 

5G: Resonance frequency of a circuit is v. If the 
capacitance is made 4 times the initial value, 
find the change in the resonance frequency. 

Sh A2uF capacitor, 100 Q resistor and 8 H inductor 

are connected in series with an AC source. 


(i) What should be the frequency of the source 
such that current drawn in the circuit is 
maximum? What is this frequency called? 


(ii) If the peak value of emf of the source is 
200 V, find the maximum current. 


Foreign 2016 


52. The figure shows a series L-C-R circuit with 


- L=10.0H,C=40pF,R =60 Q connected to 
variable frequency 240 V source. Calculate 


R 


(i) the angular frequency of the source which 
drives the circuit at resonance. 


(ii) the current at the resonating frequency, 
(iii) the rms potential drop across the inductor at 
resonance. Delhi 2012 


53, Obtain the resonant frequency (w,) of a series 
L-C-R circuit with L = 2.0 H ,C = 32uF and 
R =10 Q. What is the Q-value of this circuit? 
NCERT 


> > 
|All/none [PRIVSICS Clay ly 


ductor of 200 mH, ree es, a 
54, An in tor of 10 2 are connected in series to nq 
a resisto gov of variable frequency. Calcul, 
at which max; 
ular frequency aximy 
(i) the er dissipation occurs on the Circuit ‘is 
a corresponding value okerective CUrren, 
and 


(ii) the value of Q-factor on the circuit. 
i 


All India 2p, 


; sonant frequency and Q-facto 

55. Oo Lee circuit with L = 3.0 H, C=% 

and R = 7.4 Q. Itis designed to improve the 
sharpness of resonance of the circuit by 
reducing its full width at half maximum bya 

factor of 2. Suggest a suitable way. NER 


56, A 100 Q resistor is connected to a 220 V, 59 Hz 


supply. 
(i) What is the rms value of current in the 


T of 
HF 


circuit? 
(ii) What is the net power consumed over a full 
cycle? NCER 


57. A 44 mH inductor is connected to 220 V, 50 Hz 
AC supply. Determine the rms value of the 
current in the circuit. What is the net power 
absorbed over a complete cycle? Explain. 

NCERT 


58. A 60 uF capacitor is connected to a 110 V, 60 H: 


AC supply. Determine the rms value of current 
in the circuit. What is the net power absorbed 
over a complete cycle? Explain. NCERI 


59. A series L-C-R circuit connected to a variable 
frequency 230 V source has L = 5.0H, 
C=80uF,R =40 Q, as shown in the figure. 


(i) Determine the source frequency which 
(i) ig the circuit in resonance. and 
ain the impedance of the circuit an 
amplitude of current at the resonant 
__ frequency, ie 
(iii) Determine the rms potential drop actos the 


ras elements of the circuit. Show ot 
oo ential drop across the L-C combine gel 
© at the resonating frequency. 


M ating Current 
ye 


circuit containing 80 mH inductor and ‘ 
60: copr capacitor in series is connected to a 
30 V, 50 Hz supply. The resistance in the 
circuit is negligible. 
(i) Obtain the current amplitude and rms 
value. 
ii) Obtain the rms value of potential drop 
across each element. 
What is the average power transferred to 
inductor? 
iv) What is the average power transferred to 
| capacitor? 


(iii) 


(v) What is the total average power absorbed 

by the circuit? NCERT 
gl. Aseries L-C-R circuit with L =0.12H , 

C= 480 nF, R = 23 Q is connected to a 230 V 

variable frequency supply. 

(i) What is the source frequency for which 
current amplitude is maximum?: Obtain 
this maximum value. 

(ii) What is the source frequency for which 
average power absorbed by the circuit is 
maximum? Obtain the value of maximum 
power. 

(iii) For which frequency of the source is the 
power transferred to the circuit half the 
power at resonant? What is the current 
amplitude at these frequencies? 


(iv) What is the Q-factor of the given circuit? 
NCERT 


HINTS AND SOLUTIONS 


L (b) 


Ina pure resistor, the voltage and current are n 

Phase. The minima zero and maxima occur at the 

Same respective times. 

(c) Phase difference Ad =, - Q, = 7/6- (mion 


3 So, current leads the voltage by 1/3. 
"(Current in at peak value so its equation is 
i = i, sin(100nt + 1/2) 
Peak value to rms value means current becomes 1/ 
times, 
So, from 


2 


i = i, sin (100 nt + 7/2) 


10. 


11. 


12. 
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+ = |, sin(0Omt + 1/2) 
2 
gin3n/4 = sin(100rt + 1/2) 

1 
= fe —s 

400 
Time taken by current to change from its peak value to rms 
value, 


ie., t= d pa 2.5x 1077 s 
400 


. (c) Inductive reactance, X, = ØL = 2nfL 


. (c) The inductive reactance, 


X, = 2nvl = 2x 314 X 50 x 25x10” = 7.85 Q 


(b) Current J across the capacitor is i,, sin (wt + 7/2). 


. (a) The amplitude of the oscillating current is 


La = Vn LX. = OCV, 


. (c) The capacitive reactance is 


1 1 


tS O tt 
2nvC ` 27 (50 Hz) (15.0x 10° ° F) 


Xe 


(d) = is not the dimensional formula of frequency because 


C[M'L?TiA’] 
L (ML’T?A~] 
is [T]. 

(b) We know that resonant frequency in an L-C-R circuit is 
given by 


but dimensional formula of frequency 


1 
Vv I 
Y 2r VLC 


à i an increase L or we can 
Now to reduce v, either we can inc L 


increase C. 
To increase capacitance, we must connect another 
capacitor parallel to the first. 

l 


(d) The resonant frequency, f = -== 
Jan? LC 
1 


FE RT i AERE 
yan’ (LA)x4C 


1 
=> f= 
Jan? LC 


If the value of L is changed to L /4, then the resonant 
frequency will remain unchanged. 


(c) Quality factor (Q) of an L-C-R circuit is given by 
i L 


RVC 


where R is resistance, L is inductance and C is capacitance 
of the circuit. To make Q high, 
R should be low, L should be high and C should be low. 


These conditions are best satisfied by the values given in 
option (c). 


Again, 


13. 


14. 


15. 


17. To improve quality factor, ohmic resistance should be made 


18. 
19. 


20. 
21. 


(ii) Brightness of the lamp decreases. It is because when iron 
rod is inserted inside the inductor, its inductance L 
increases, thereby increasing its inductive reactance X L 
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Capacitive reactance is given by, 
, 1 eae 
Xe = — => Xe a ot 
wC C 


This means, with the increase in the capacitance, the 


capacitive reactance decreases. So, if an electric lamp is 
connected in a series with a capacitor and an AC source is 
glowing with certain brightness, then with the increase in 


the capacitance, the brightness of the lamp increases. 


By comparison, at very high frequency, the resistance due to 


capacitor is negligible and hence it works like a pure 
conductor of negligible capacitive reactance. 
In DC circuits, w = 0 (at steady state) 
=> Xc = 4 = oo 
w 


So, it behaves like an open circuit. 


The phase angle (b) by which voltage leads the current in 


L-C-R series circuit is given by 


1 
20VL = ——— 
Xı - Xe = 2nvC 
R R 
If tan $< 0 (for v < v,), then circuit is capacitive. 


If tan ọġ> 0 (for v> Vo), then circuit is inductive. 


[fr V=V,= 


tan ġ = 


1 
At resonance, tan 6 =0 


capacitor) to the applied voltage, 


ie g-e 2L 1 
Vp R — @,CR 


It is an indicator of sharpness of the resonance. Quality 


factor has no unit. 


as small as possible. 
Refer to text on pages 299 and 300. 


(i) Curve A shows power consumption over a full cycle. 


(ii) Device X is a capacitor, As in a perfect capacitor, the 
current (curve C) leads the voltage (curve B) by a phase 


angle of =. 


Refer to text on pages 295 and 296. 
(i) As, Pi = as i cos b 


In ideal inductor, current I, lags behind applied 


voltage Vms by 1/2. 


“ O= 1/2 

Thus, Piy = Vins! ms COS 1/2 
= Visa ais x0 
=0 


2nv LC 


16. The quality factor (Q) of resonance in series L-C-R circuit is 
defined as the ratio of voltage drop across inductor (or 


| 


22. (i) 


23. (i) 


(ii) 


24. (i) 


(ii) Sharpness of re 


25. Refer to text on page 301, 
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x, and hence impedance Z of the circuit, As 
L 


Vims so this decreases the current bi 
, 3 


Imni” in 


rms 


the circuit and hence the brightness of lamp, 


As the dielectric slab is introduced between the 
plates of the capacitor, its capacitance wi 
increase. Hence, the potential drop across the 


; : te Ved 
capacitor will decrease, 1.€ A 


As a result, the potential drop across the bulb will 
increase as they are connected in series. Thus, its 
brightness will increase. 

As the resistance R is increased, the potential 
drop across the resistor will increase. As a 
result, the potential drop across the bulb will 
decrease as they are connected in series. Thus, 
its brightness will decrease. 


From graph (a), it is clear that resistance 
(opposition to current) is not changing with 
frequency, i.e. resistance does not depend on 
frequency of applied voltage, so the circuit element 
here is pure resistive ( R). From graph (b), it is clear 
that resistance increases linearly with frequency, 
so the circuit element here is inductive in nature. 


Inductive resistance, X, = 2mvL = X, œv 


Impedance offered by the series combination of 
resistance (R) and inductor (L). 


Z= JR +X}= JR? +(2nvL)? 


In L-R circuit, the applied voltage leads the 


current by phase $, where tan ¢ = = 


Graph showing the variation of amplitude of | 
circuit current with changing frequency is given — 
below. 


‘\Ro 


Land C fixed 
R, > Ro 


Current amplitude 


Frequency | 

si 
sonance Refer to text on pas” 
299 and 300, 


ieee sharp, maximum current is more, the E 
S Close to resonance for smaller range of (240) 


Fe a Thus, the tuning of the circuit willbe 


Circui om is 
ircuit become more selective if the resonance ! | 

| 

| 


26. Refer to text on page 302, 


ing Current 


sider the diagram, 
f. candi =W, —@, 


= 


£10 
£05 


~ 


aoe 
Ore 
(rad/s) — 


where, ©; and œ, correspond to frequencies at which 


ee 
M gnitude of current is T times of maximum value. 


Clearly, from the diagram, the corresponding frequencies 
are 0.8 rad/s and 1.2 rad/s. 


Aw = Bandwidth = 1.2— 0.8 =0.4 rad/s 


98. (i) We know that if the number of turns in the inductor 
decreases, then inductance L decreases. So, the net 
resistance of the circuit decreases. Hence, the current 
through the circuit increases, increasing the 
brightness of the bulb. 

ii) As the current increases and brightness of bulb 
increases, because L increases. 

(iii) If the capacitor of reactance Xe = X, is connected in 
series with the circuit, then 


| Z=(X,- Xe)? + R? 

| = Z=R [- X, =Xel 
| This is a case of resonance. In this case, the maximum 
| 


current will flow through the circuit. Hence, the 
brightness of the bulb will increase. 


(2. (i) Refer to text on pages 296 and 297. 

| (i) When DC source is connected, the condenser is 
charged but no current flows in the circuit. Therefore, 
the lamp does not glow. No change occurs even when 
capacitance of capacitor is reduced. 
When AC source is connected, the capacitor offers 


re 1 : 
Capacitive reactance Xc = zT The current flows in 
(0) 


the circuit and the lamp glows. On reducing C, Xe 
Increases, Therefore, glow of the bulb reduces. 


30 
* Refer to the text on pages 300 and 301. 


han inductor, the current lags the voltage by 90°. If the 
oe Voltage is sinusoidal, then the current is also 
“Usoidal, but shifted in phase. The instantaneous 
Power defined as the product of the instantaneous 
otage and current can also be seen to be sinusoidal in 
oo owever, in contrast to the resistive load, the 
par a aneous power in the inductor goes negative for 
| As vu the cycle of the source driving it. 
Instanta, ~ In cos wt 

eous power, P = V(t) I(t) 


= V, sin wt X (- Im 605 0t) 
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= —Ynlm y 2 sin wt cos Ot 
2 


bs Valm [sin 29t + sin 0) 
2 


=- Prin sin 20t 


The variation of P, with wt is as given in the figure. 


„The instantaneous power alternates positive and negative 
at twice the frequency of source supplying it. 


32. Let (I,..), = rms current in circuit (a) 


(Insp = rms current in circuit (b) 
V y. 
I = ms z 
( a R R 
VA, 
(Ims = 4 
V 


(i) When (Tyns)a = (Lims) 


R= Jr? +(X- Xc% 


> X, = Xç in resonance condition 
(ii) As, Z 2 R . 
2 _ 2 
$ (Is) _ VR +(X, - Xo) > Ee 
(Lim) R R 


> (ims) a Z (Lims) 
No, the rms current in circuit (b) cannot be larger than 
that in (a). 


33. (i) Consider the R-L-C circuit as shown in the figure. 
Given, V = V„sin wt 
Let current at any instant be i, 


Note We have to apply KVL, write the equations in the form 
of current and charge, double differentiate the equation with 
respect to time and find the required relations. 


Applying KVL in the given circuit, 
LLE RE EEP À 
iR + b + E Vm Sin Ot =0 (i) 


j= 44 = di d*q 


dt dt dt? 


Now, we can write, 
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(ii) Let 


F 
"om Eq. (i), we get 


dq 2 
Iryda 
dt r a a sino 
=> da? 
LSS pag 
a? TRG + =v, sin ot 


This is th 
e i i 
charge. required equation of variation motion of 
pm Fi sin (wt + $) =- qe cos (wt + >) 
m Sin (Ot + $) = qn @ sin (wt + 9) 
= Vm V, 


imn = -2 = 
R? + (Xo - X,)? 
and ọ= tan" (=) 
R 


When Ris s} ircui 
hort circuited at t = ri i 
Land C. tọ, energy is stored in 


2 
S O eee V 
E a | A 
VR +(Xc- X) 


1 q? 1 T S" 
andUc => xt =i x(®) cos ° (Ot, + >) 


[in = am] 


= —!"_ cos? (wt, + 4) 
2Cw” e 


2 
A Vin cos * (Wty + >) 
2C | JR? +(X¢- X) w? 


2 
Va cos (ata + 0) 
R? + (Xc — Xi)? 


= l 
2Co? 


(iii) When R is short circuited, it becomes an L-C 


34. 
35. 


oscillator. The capacitor will go on discharging and all 


energy will go to L. 
Hence, there is an oscillation of energy from 


electrostatic to magnetic and again to electrostatic. 


Refer to text on page 298. 


(i) Refer to text on page 299, 

(ii) Let initially, I,be current flowing in all the three 
circuits. If frequency of applied AC source is 
increased, then the change in current will occur in 


following manner. 
(a) AC circuit containing resistance only where, 
initial frequency of AC source. 


v = in 
if 


1, 


vor 
Frequency of AC source 
There is no effect on current with the increase in 
frequency: 
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it containing inductance on] 
f frequency of AC source, inde the 
Cti 


(b) AC circu 
increase © 
reactance increases as, 


J= Vim =- Vims 
X, envi 
=> X, = anvb 
1 
For given circuit, I ` 


Current decreases with the increase in frequency 


I 


vi 


y —e 
Frequency of AC source 


(c) AC circuit containing capacitor only 


1 1 
Xc = —— = 
C 2nvc 
V V, 
Current, I = 1 =- 
a fdu 
2nvC 
= 20V CV, ms 


For given circuit, J œ V 
Current increases with the increase in frequency. 


y— 


Frequency of AC source 


36. Refer to text on page 298. 
For graph showing variation of current with 
frequency Refer to text on page 299. 
The receiving antenna picks up the frequencies 
transmitted by different stations and a number of volta" 
appears in L-C-R circuit corresponding to different 
frequencies. But maximum current flows in circuit oF 
that AC voltage which have got the frequency is eq 
resonant frequency of circuit 


1 
2nvLC 


ney higher quality factor resonance, the si 
rom other stations becomes weak due to $ 
resonance. Thus, signal of desired frequency oF pr 
is tunned in. 

37. (i) Refer to text on pages 297, 298 and 299. 
(ii) Acceptor circuit is series L-C-R circuit. 

co graph refer to text on page 299 an 
and Q-factor refer to text on pages 299 ane 2 ` 


Le. j= 
gnal received 


5 0 
harp’ oga 


38. 


ating Current 
te 


per 


g. 0 


pevice X is a capacitor, 
As, the current is leading voltage by = 
s 2 


— radians, 
(i) As E (t)= E,sinwt 
current, 1(t)=/, cos wt 
As, in the case of capacitor, 
: Tt 

J= lsin for + z) [current is leading voltage] 
Average power, P=E (t)i(t)=E lets sn 
where, 0= phase difference 


Hence, curve A represents Power, curve B represents 
voltage and curve C represents current. 


(ii) As, Xc= capacitive reactance = -L 
Cw 
where, œ is angular frequency. 
So, reactance or impedance decreases with increase 
in frequency. Graph of Xo versus w is 
shown below, 


Phasor diagram 


Current leads emf by n/2 radians 
(iv) Refer to text on page 296. 
40. (i) Refer to text on page 300. 

(ii) Average power delivered by an AC circuit is 
Pa = Vimsl ems COS È 
where, cos ¢ is known as the power factor for the 
circuit. 
If cos ġ is minimum, the power delivered is 
minimum and hence, power dissipated will be 
maximum for the circuit. 

(iii) Refer to text on page 301. 


4l. (a) Given, V = V, sinwt 
I= Isin( + z) 


As it is clear that, the current leads the voltage by a 


phase angle > 


“ The device X is a capacitor. 


where, @ = angular frequency 
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and C = capacitance of capacitor. 
1 


oe X 2a 
©” anv 


1 
where, v = frequency of AC or Xe ~ rs 


<. The graphical representation between reactance of 
capacitance and frequency is given as 


Xo 


(d) Phasor diagram 


lo sin (œ t+7/2) 


42. (i) As given, E =140sin314t 
On comparing with E = E, sin œt, we have 
O =314, E,=140 V 
@ = 20V 


(i) E, =140V 


43. Given, L =0.5H, R=100Q, 
Vv =50Hz, V, = 240 V 
“vo V2 x 240 


(i) J) = = 
°? JR’ +0°L? (100)? + (100 X mx 0,5)" 
[to = 2nv =100 n] 
=1,82A 


(ii) 3.19X107s; refer to Example 5 of on pages 298 and 299. 
44. (i) Impedance, Z = yR? + Xè 


2 
= R? + Ferd 
2nvC 


2 
= ,|(40)? + . = 48Q 
2x 3.14 X 60 X 100 x 107° 


As, I= => l =— 
vA 48Q 


and Ty = V2 Iy = 1.414 x = =3.24A 
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(ii) As, tang = Xc ~ 1 
R 


2mvCR 
= f = 0.6628 
2X 3.14 X60x107 x40 
= $=tan™ (0.6628) = 33.5° = = rad 


-. Time lag, t= $33.50 | 1 
@ 180 2m x60 
=1,55X10°s 


45. Given, applied a V=140sin100nt V 


Cus uF = 2 0107F, 
n 


L=2H,R=4002 
T 


Comparing with V = V, sinwt, we get 
V, =140 V and œ = ae 
Inductive reactance, X, = wl = 1007 x2 =500Q 
T 


Capacitive reactance, Xç = Ze 


oC oon x2 x10" 
A 


= 2002 


Impedance of the circuit, Z = 4R? +(X,—X,)* 


(400)? + (500— 200)? 
= 4/1600 +900 = 500 Q 


Maximum current in the circuit, 


_ Vy _ 140 
° Zz 5a 
Ip. 140 


V,m across resistor, Ve = l imK 
= 0.2 x 400 = 80 V 


V, ns across inductor, V; = I,m X 
=0.2 x 500 = 100 V 
V,m across capacitor, Vc = Lms Xe 
= 0.2x 200= 40 V 
Now, VEV, + Vi + Ve 
Because Vç, V, and Vp are not in same phase, instead 


= Jv? +(V, -Vey 
= 80? + (100-40)? =100V 


which is same as that of applied rms voltage. 
46. Refer to Example 7 on page 301. 
ġ=135° 


1 
A < — orx,<X, 
Since, oL DC p< Xe 


Therefore, current is leading in phase by a phase angle 


135°. 


47. 


48. 


49, 


50. 
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(ii) Por unit power factor, cos $=1 
R 


=> 
=> 
L =100= fe 2 _fge 
=> vocals @C 1000 
,. 1 Lapse e 


10 
Additional capacitance C’ required in parallel 


=C’—C =10pF - 2uF =8pF 


Refer to Example 7 on page 301. 
Phase difference, b= T 
Here, Ey =10 V, v =650 Hz, R=100Q, 
C =10uF = 10x10 ° F, L = 015 H, 
A0 = 10°C, ms = 2J/°C 
As, X,=2mvL=2x = x 650 x 015= 612.86 Q 
1 1 


and Xc = = ————— = 
ame ox > x 650 X10 x107 ° 


= Z = JR? +(X, - Xo)” 
= (100)? + (612.86— 24.48)°= 59682 Q 


= 24.48 2 


Ey 10 
=> Iy =Œ =—— = 9016 
Y Z 596.82 3 
As, I;Rt= (ms) AO 
ms) å 
IyR (0.0168)? x 100 
Given, L = 20H,C = 2pF=2x10°°F, 
R=10Q 
Now, Q-factor = — Nei ion. i = 
10\2x10° | 10x10" 
= ~ =100 
As, resonance frequency, v=— 
Ty LC 
Le V œ Ay 
vc 
3 V’ o l = 1 1 


ating Current 


pe” 


j à refer to Example 6 on page 317. 
6). 


y = 3980 Hz 
E, _ 200 _ 
i) R 100 


X Given, L =10H, C = 40uF, R=60Q, V= 240V 
(i) Refer to the Q. 54 on page 320, 
w, =50 rad/s 
(i) Current at resonating frequency, 


= ims me tms [ 


™ at resonance, Z = R] 


(iii) Inductive reactance, X, = wL 
At resonance, X, = @,L =50x10=5009 


Potential drop across inductor, 


V,ms = Lims X X} = 4 X500= 2000 V 
53, Given, L = 20H, C = 32x10“ F and R=10Q 


1 1 
0, = -= = -A 
JLC 420x32x10‘ 


3 
= ans =125 rad/s 


8 
1 /L 1 2 
and = |— = |, | 
g ae 10 \32x10 
= senie = 25 
10x4xXx10 
54. Refer to Q. 51 and Q. 52 on page 306. 
[Ans. 0.112 x 10° rad/s, 5A; 2.23] 


55. 111.1 rad/s and 45.04; Refer to Q. 52 on page 306. 


Now, to reduce the full width of half maximum by a 
factor of 2 without changing @,, we have to take 


56. Here, R=100 Q, Ey = 220V, v =50Hz 
100 


(ii) Net power consumed, 
P, = Eyly = 220 x 2.2 = 484 W 
s, Given, inductance, L = 44mH =44 X 10° H, Vins 
Frequency of inductor, v = 50 Hz 
Inductive reactance, X; = 2nvL 
=2x3.14x50x44 x10” = 13.82 Q 


The ms value of current in the circuit, 


Vims _ 229 15.9 A 


= 220 V 


=s z 


I -ms 
ms y, 13.82 
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Power absorbed, P = Vine Lime COS È 
For pure inductive circuit, = 90° 
P=0 
Thus, power spent in one half cycle is retrieved in the 
other half cycle. 


58. Given, C = 60 uF = 60x10 F , V,,, =110V 


and v=60Hz 
Fite Nitin dia 
ae ae 
2nvC 
=> Teng = Vem 20VC 


= 110x 2x3.14x60x60x10* = 2.5 A 
Power absorbed, P = Vms! ms COS > 
For pure capacitive circuit, @ = 90° 
P=0 
Thus, power spent in one half cycle is retrieved in the 
other half cycle. 
59. Given, L=5H, C =80pF =80 x10 fF, 
R=40Q, V_, = 230V 
(i) Resonance angular frequency, 
1 1 
0, = = = —-— = 5l rad/s 
VIC 45x80x10 


(ii) Impedance, Z = ,|R? + [wx _ 2} 
` ac 


At resonance, OL = sa 
wC 
Z,=R=40Q2 
Amplitude of current at resonance frequency, 
_ Vy _ ¥2x 230 


(iii) Potential difference across L, 
Vi = Tims X(@, X L) 
=5.75X 50X5 = 1437.5 V 
Potential difference across C, 
1 5.75 
Ve = Tem X @,C 50x 80x 10° 
. Potential difference across L and C combination, 


1. 
Vic = haf = E 


r 


= 1437.5 V 


“. Potential difference across R, 
Vp = Lim R= 5.75X 40= 230 V 
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60. Given, L =30 mH= 80X107H, R =0, v=50Hz 
C = 60uF =60x107° F, 
© = 27V = 1007 rad/s 
Vins = 230 V, 
and Y= VZV = /2x230V 


(i) I, =? and f=? 
= J, =e. Vo 
= (e-a) 
wC 
_ 2304/2 
1007 x 80 x10° E EEE A 
1007 x 60 x 10 
1000 
T- ——_ 
(e 
I 11.63 
I m = SE = —= =- 8.23 A 
™ J2 v2 


Hence, negative sign indicates that emf lags behind 
the current by 90°. 


(ii) For L, V, = 1 m@L 
=8.23 x100 7 xX80x10° 


= 206.84 V 
1 
ForC, Vo= I m, — 28.23 x Bete Date fi 
oC 1007 x 60x107 
= 436.84 V 


Since, voltage across L and C are 180° out of phase, 
therefore they are subtracted. 


Thus, applied rms voltage = 436.84 —206.84 
= 230.0V 


(iii) Average power transferred per cycle by source to 
inductor is always zero because of phase difference 
of n /2 between voltage and current through L, 

(iv) Average power transferred per cycle by the source to 
capacitor is always zero because of phase difference 
of 1/2 between voltage and current through C. 
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. Total average power absorbed by the circuit jg 


(v) 
zero. % 
Given; L= 0.12 H, C=480 nF =480x10" P 


R= 23.24 Vim =230V, Vo =230V2V 


Vo 
f ee! 
(i) Io A 


2 
1 
2 
R +(0 2} 
I; would be maximum, if 
1 

= 0 = >= 
O, LC 
1 


~ fo12x480x107° 


= 4166.7 rad/s 


@ 
~. Source frequency, V, = a 


_ 4166.7 
27 
V, vV2x230 


20 = 
R 23 
=14.14A 
(ii) Average power absorbed by the circuit is maximum, if 


I=I, at@=@, 


= 663.14 Hz 


1 
P, =—I7R= 1 (14.14)? x 23 
2 2 


= 2299.3 W = 2300 W 
(iii) Power transferred to circuit is half the power % 
resonant frequency, when 
R 23 


A® = —= = 95.83 rad/s 
2L 2x0.12 
AM 95.8 

Ava = = 283 215.2 Hz 
2m 27 


<. Frequency when power transferred is half 
=v, + Av= 663.14 +15.2 
= 678.34 and 647.94 Hz 

<“ Current amplitude at these frequencies 


I 14. 
= 10A 
2 1.414 
(iv) Q= =a = 4166.7 x 0.12 _ 21.74 
23 ; 


ifOPIC 3| 
AC Devices 


(HOKE COIL 


e coil is an electrical device used 


for controlli 
pi a used for controling 
vent in a AC circuit without wasting electrical energy in 
he form of heat. 


() To reduce low frequency alternating currents, choke 
coils with laminated soft iron cores are used. These are 


called af choke coils. 


(i) To reduce high frequency alternating currents, choke 
coils with air cores are used. These are called rf choke 


coils. 


TRANSFORMER 


Irs a device, which is used to increase or decrease the 
dternating voltage. 


The transformers are of the following types 
1. Step-up transformer 


2. Step-down transformer 


Output 
secondary 
coil(s) 


Step-down transformer 


Principle | 
Transformer is based upon the principle of mutual induction. 


Construction , 
‘Consists of two coils, primary coil (p) and secondary coil 
h} insulated from each other wounded on soft iron mis 

en the primary coil is the input coil and secondary äi Is 
* Output coil. These soft iron cores are laminated to 
“mise eddy current loss. 


Working and Theory 
; Value of the emf induced in secon 
tg volt lied to primary col 
i age applied to prima 
ta turns in the secondary coil. We 
“ormer in which the primary C°! 


dary coil due to 
| depends on the 
consider an id 

] has negligible 


resistance and all the flux in the core links both primary and 
secondary windings. Let ọ be the flux in each turn in the 
core at time ¢ due to current in the primary when a voltage 
V, is applied to it. 
Then, the induced emf or voltage E,, in the secondary with 
N, turns is 
db ; 
E == — Ss .(i) 
s 5 dt 
The alternating flux @ also induces an emf, called back emf 
in the primary. This is 
db F 
E, == P ae .--(il) 
But £, =V,. If this was not, so the primary current would 
be infinite, since the primary has zero resistance 
(as considered). If the secondary is an open circuit or the 
current taken from it is small, then to a good approximation. 


E, =V, 


where, V, is the voltage across the secondary. 
Therefore, Eqs. (i) and (ii) can be written as 


db 
Vi =-N,— (ii 
} P7 (iii) 
d t 
and V, =- 2 ... (iv) 
From Eqs. (iii) and (iv), we have 
V ON, l @) 
—=— (y 
V, N, 


The above relation has been obtained using three 
assumptions. 

(i) The primary resistance and current are small, 

(ii) The same flux links both the primary and the 

secondary as very little flux escapes from the core. 
, (iii) The secondary current is small. 
If the transformer is assumed to be 100% efficient 
(no energy losses), the power input is equal to the power 
output. Since P = IV, we get 
LV, =, ¥, aki) 

Although, some energy is always lost, still this is a good 


approximation, since a well designed transformer may have 
an efficiency of more than 95%. 
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Combining Eqs. (v) and (vi), we have 


... (vii) 


Since, J and V both oscillate with the same frequency as the 
AC source, Eq. (vii) also gives the ratio of the amplitudes or 
rms values of corresponding quantities. 


Now, we can observe how a transformer affects the voltage 
and current, we have , 


N Mae 
V, = Gal and J = (2) I (viii) 
NES ‘ (Nn, )? 


That is, if the secondary coil has a greater number of turns 
than the primary (i.e. N, > N, ), the voltage is stepped up 
(V, >V,). This type of arrangement is called a step-up 
transformer. However, in this arrangement, there is less 
current in the secondary than in the 


primary 
(e.N, /N, < land J, < Fy). 


If the secondary coil has less number of turns than the 
primary (i.e. N, < N >) we have a step-down transformer. 
In this case, V, < V, and J, >1,. That is, the voltageis 
stepped-down, (or reduced) and the current. is incrêased. 


The equations obtained above apply to ideal transformers 
(without any energy losses). 


Energy Loss in Transformers 


In actual transformers, small energy losses do occur due to 
the following reasons, 
(i) Fluxleakage There is always some leakage of flux that 
is not all of the flux due to primary passes through the 
secondary. This is due to poor design of the core or the 


air gaps in the core. It can be reduced by winding the 
primary and secondary coils one over the other, 


(ii) Resistance of the windings The wire used for the 
windings has some resistance and so, energy is also 
lost due to heat produced in the wire (Z? R). In high 
current, low voltage windings, energy losses are 
minimised by using thick wire. 

(iii) Eddy currents The alternatin 
eddy currents in the iron core and causes heating Th 
effect is reduced by having a laminated core, j 

(iv) Hysteresis The magnetisation of the core is 
repeatedly reversed by 


& magnetic flux induces 


an alternating magnetic field 
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xpenditure of energy in the Core 
and is kept to a minimum by 
ch has a low hysteresis 


The resulting € 
appears as _ 


Using 
: a 
: jal whi 

magnetic mater! 


loss, 


Uses of T ised in almost all AC operations, Somes | 


yers are t 
Transforn below. 


the following are given 
(i) In the induction furnaces. 
(ii) In voltage regulators for TV, computer, a: 
erc. 
(iii) A step-down transformer is used for the PE 
weldings. 


h current is drawn b 
APLE |1| How much cu y the 
me coil of | transformer which steps down 229 Vto 


22 V to operate device with an impedance of 2209? 


Sol. Given, » E, = 220V, E, = 22 V and R, = 2200 

E 22 

i 4 [. = — = — = 0.14 
Since, = R= 200 

1, E 

In an ideal transformer, = —* 

I, E 

I, = an x I, 
Es 
0. á 
= 22X01 _ poy 
220 


EXAMPLE |2| A step-down transformer converts 2 
voltage of 2200 V into 220 V in the transmission line 
Number of turns in primary coil is 5000. Efficiency 


transformer is 90% and its output power is 8 k 
Determine 


(i) number of turns in 


hed the secondary coil. 
(ii) input power, 


Sol. Giy ; 
Ol. Given, Ep =2200V , E, = 220V, N, = 5000 


Efficiency, N= 90% 
Output Power, P =8 kW 


Since, efficiency, 


n= Output power ki 
Input power P 
= Pp. 
R= =_8 _ _gopw 
n 90/100 
Also, N, E 


yet 


g Current 


; pjeCTIVE Type Questions 


1. 


w 


— 


A power transmission line feeds in 
9300 V to a step-down transformer with its 
primary windings having 4000 turns. What 
should be the number of turns in the secondary 
in order to get output power at 230 V? 
(a) 600 (b) 550 (c) 400 (d) 375 

The output of a step-down transformer is 
measured to be 24 V when connected to a 12 W 
light bulb. The value of the peak current is 
NCERT Exemplar 


put power at 


(a)1/ V2 A 
(c) 2A 


(b) V2 A 
(d) 2V2 A 


. What is not possible in a transformer? 


(a) Eddy current (b) Direct current 
(c) Alternating current (d) Induced current 


The large scale transmission and distribution of 


electrical energy over long distances is done 
with the use of 


(a) dynamo 
(c) generator 


(b) transformers 
(d) capacitor 


* A60 W load is connected to the secondary of a 


transformer whose primary draws line voltage of 
220 V. If a current of 0.54 A flows in the load, 
then what is the current in the primary coil? 

(a) 27A (b) 0.27A 

(c) 1.65 A (d) 2.85 A 


VERY SHORT ANSWER Type Questions 
6 


Can we control direct current without ae 
oss of energy? Can a choke coil do so! 


' Write the name of quantities which do not 


change during transformer operation. 


. . H e 
` Mention the two characteristic properties of th 


eal Suitable for making core a India 2012 
Tansformer, 


! e. 
A transformer is used to step-down AC voltag 


Š C 
at device do you use to step-down D 
voltage? 


a ; and 
A transformer has 150 turns In ne See omneitl 
0 in secondary. If the primary 1$ 


11. 
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to 440 V DC supply, what will be the induced 
voltage in the secondary side? 


What would happen if the primary winding of a 
transformer is connected to a battery? 


SHORT ANSWER Type Questions 


12. 


13. 


If 


A100% efficient transformer has n, turns in its - 


primary and n, turns in its secondary. If the 
power input to the transformer is W (watt), 
what is the power output? l 


Answer the following questions. 


(i) A choke coil in series with a lamp is 
connected to a DC line. The lamp is seen to 
shine brightly. Insertion of an iron core in 
the choke causes no change in the lamp’s 
brightness. Predict the corresponding 
observations, if the connection is to an AC 
line. 

(ii) Why is choke coil needed in the use of 
fluorescent tubes with AC mains? Why we 


cannot use an ordinary resistor instead of 
the choke coil? NCERT 


When a DC voltage is applied to a transformer, 
the primary coil sometimes will overheat and 
eventually burn. Explain, why? 


LONG ANSWER Type I Questions 


15. 


16. 


17. 


Write the function of a transformer. State its 
principle of working with the help of a diagram. 
Mention various energy losses in this device. 


Delhi 2016 
Transformer A has a primary voltage E panda 


secondary voltage E,. Transformer B has twice 
the number of tutns on both its primary and 
secondary coils compared with transformer A. 
If the primary voltage on transformer B is 2E,, 
what is its secondary voltage? Explain briefly. 


At a hydroelectric power plant, the water 
pressure head is at height of 300 m and the 
water flow available is 100 m*/s. If the turbine 
generator efficiency is 60%, estimate the 
electric power available from the plant. 

(Take, g = 9.8 m/s?) 


1 MW power is to be delivered from a power | 
station to a town 10 km away. One uses 
Cu wires of radius 0.5 cm for this purpo 
Calculate the fraction of ohmic losses 
transmitted, if 


a pair of 
se. 
to power 
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(i) power is transmitted at 220 V. Comment on 
the feasibility of doing this. 

(ii) a step-up transformer is used to boost the 
voltage at 11000 V, power transmitted, then a 
step-up transformer is used to bring voltage 
is 220 V. (Take, pẹ, = 1.7x 10° SI unit) 

NCERT Exemplar 


LONG ANSWER Type II Questions 


19. (i) Draw a labelled diagram of a step-down 
transformer. State the principle of its 
working. 

(ii) Express the turn ratio in terms of voltages. 

(iii) Find the ratio of primary and secondary 
currents in terms of turn ratio in an ideal 
transformer. 


(iv) Define choke coil. All India 2016 


20. Draw a schematic diagram of a step-up 
transformer. Using its working principle, 
deduce the expression for the secondary to the 
primary voltage in terms of number of turns in 
the two coils? In an ideal transformer, how is 
this ratio related to the currents in the two 
coils? How is this transformer used in large 
scale transmission and distribution of electrical 
energy over large distances? 


NUMERICAL PROBLEMS 


21. How much current is drawn by the primary ofa 
transformer connected to 220 V supply when it 
delivers power to a 110 V-550 W refrigerator? 


All India 2016 


A power transmission line feeds input power at 
2200 V to a step-down transformer with its 
primary windings having 3000 turns. Find the 
number of turns in the secondary winding to 
get the power output at 220 V, Delhi 2017 


22. 


23. 1 kW power is supplied to a 200 turns primary 
of the transformer at 500 mA. The secondary 
gives 220 V. Find the number of turns in the 
primary. 


The primary coil of an idea] step up 
transformer has 100 turns and trans 
ratio is also 100. The input voltage a 
are respectively 220 V and 1100 W. Calculate 
(i) the number of turns in secondary, 
(ii) the current in primary. 
(iii) the voltage across secondary, 


24. 


formation 
nd power 


25. 


26. 


27. 


28. 


29. 


30, 
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rrentin secondary. 


ecu 
(iv) th wer in secondary. 


(v) the po Delhi 29, 
A60 W load is connected to the Secondary of 

transformer whose primary draws line Volta 
If current of 0.54 A flows in the load, what is 
current in the primary coil? Comment on th 
type of transformer being used. NCERT Exempla 


g 
at 


the 


-up transformer is operated on a 25 
ie supplies a load with 20 A. The ratio ai 
the primary winding to the secondary is 10; L 
If the transformer is 90% efficient, calculate 

(i) the power output (ii) the voltage ang 
(iii) the current in the secondary. 


A step-down transformer is used at 220 yV to 
provide a current of 0.5 Ato a 15 W bulb. If the 
secondary has 20 turns, find the number of 
turns in the primary coil and the current that 
flows in the primary coil. 


Astep-up transformer operates on a 220 V line 
and supplies a load of 2 A. The ratio of the 
primary to the secondary windings is 1:5. 
Determine the secondary voltage, primary 


current and power output. Assume efficiency to 
be 100%. i 


A small town with a demand of 800 kW of 
electric power at 220 V is situated 15 km away 
from an electric plant generating power at 
440 V. The resistance of the two wires line 
carrying power is 0.5 Q/km. The town gets 
Power from the line through a 4000-220 V 
step-down transformer at a sub-station in the 
town. 


(i) Estimate the line power of loss in the form 
of heat. 
(ii) How much power of the plant supply, 


assuming there is negligible power los 
to leakage? vis p ; 
t 


(iii) Characteri atth 
ise ~ former 
lait: the step-up trans pcen 


Do the same 


s due 


replace question as above with a 
40000 of the earlier transformer! eglett 
ag bef 20 V step-down transformer (n 
Bes ore, leakage losses though this a 
x good assumption any longer becaus ad} 
very high Voltage transmission involv on is 


ence, expla; miss” af 
ie why high voltage trans noe 


A 


g Current 


pe 


| HINTS AND SOLUTIONS | 


Here, Ep = 2300 V, N, = 4000, €, = 230 V 


N, be the required number of turns in the secondary 


i. (0 


Let 
43 foe N =N |È À 
S ETN TEA 

Ep Np Ep 


3 (a) secondary voltage, V; = 24V 


Power associated with secondary, 


P, =12W 
P, _12 
I,=2=— 
V 24 
1 
=-A=05A 
2 


Peak value of the current in the secondary, 


= (05) (1.414) = 0.707 = 7 A 


3. (b) Transformer is used to convert the value of AC 
voltage. It works on the principle of electromagnetic 
induction. So, direct current is not possible in it. 

4, (b) Large scale distribution and transmission of electrical 
energy over long distances is done with the help of 


transformer. 
5. b) P=60 W,€, = 220V, i, = 0.54A 
As, P=6,i 
> e€ 0N SaN 
* 0.54A 
As, Eip = Ei, 


jal ahas DOY) gs4 A)=027A 
e=(e, J” \2200V) 


n control DC without 


4 No, there is no such device that ca 
t control DC. 


any energy loss. Even a choke coil canno 
* Power and frequency. 


l t) Low retentivity or coercivity. 
fi) Low hysteresis loss or high pe 


Susceptibility. 
C 
* An ohmic resistance can be used to earn 
Voltage, such as in potential dividing arrangs sof 


i cas 
Zero, as transformer works only in AC and ae 
C supply, there is no induced emf in yi T 
cause there is no change in fux throug 


tr S 
ansformer circuit. 


rmeability and 


11. 


12. 


13. 


14. 


15. 
16. 


17. 
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Transformer works only in AC. When primary is 
connected to DC, there is no induced emf in secondary 


coil as there is no change in flux leakage. 
For 100% efficient transformer, P, = P, 


_.. The power output is W (watt). 


(i) A choke has no impedance, if it is connected to DC 

line. Therefore, lamp shines brightly and has no effect 
on inserting iron core in the choke. 
But choke offers impedance, if it is connected to AC 
line. So the bulb lights dimly. When an iron core is 
inserted in the choke, the impedance to AC increases. 
Hence, the brightness of the bulb decreases. 

(ii) We use the choke coil instead of resistance because 
the power loss across resistor is maximum, while the 
power loss across choke is zero. 


For resistor, ¢ = 0°, 


P= I ns V ims COS 0° 
: =Ñ: Vms = maximum 
For inductor, “(choke coil) 
ġ=90°, 


> o P= L imsVms COS 90° =0 
If in acase, the transformer primary winding would be 
connected to a DC supply, the inductive reactance of the 
winding would be zero as DC has no frequency. So, the 
effective impedance of the winding will therefore be 
very low and equal only to the resistance of the copper 
used. Thus, winding will draw a very high current from 
the DC supply causing it to overheat and eventually 
burn out, because as we know I = V/R 


Refer to text on pages 315 and 316. 
Given, N pp = 2N pa, N s = 2N a E ps = 2E pa 


N, E; 
As we know, =s 
N, E, 
Nat 2Na _ Es 


For transformer B, 
N pB 2N pa E os 


E E E 

Ž8 = —8 =A 3 Eg =2Ē a 

Ep Epa Epa 

+, Secondary voltage on transformer B ìs equal to the 
twice of secondary voltage on transformer A. 


volume 
——— = 100m’ /s;, 


= 


Given, height, h = 300 m, V = 
second 


1) = 60%, g= 9.8 m/s * 


Electric power =? 
Work _ Force x Displacement 


Jydroelectric power = 
By p Time Time 
= Force x Velocity 

= Pressure X Area X Velocity 


= Pressure X Volume = p X V 


60 3 ; 
+, Power available = — V=-xhxpxgxV 
s i i 
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= 


niw 


X 300x10 9.8 x100 


3 
[~ density of water = 10°kg/m"] 
= 1.76410" = 176.4 MW 


18. (i) The town is 10 km away, length of pair of Cu:wires 
used, ? = 20 km = 20000 m. 


Resistance of Cu Wires, 
+8 
l 17x 10 x 200004 


1 
R= p— = p 
3.14 (0.5x 107°)? 


A — x(r)? 
6 10° 4 
I at 220 V, VI =10° W; I arn 0.45x 10°A 


RI? = power loss = 4x (0.45)? x 10°> 10° W 


Therefore, this method be used for 
transmission. 


(ii) When power, P =10° W is transmitted at 11000 V. 
V7’= 10° W= 110007’ 


cannot 


Current drawn, = +x 10? 
al 


Power loss = RI? = x4 x10° =3.3x10'W 
1 


3x 104 
on = 3.3% 


~-~ Fraction of power loss = 
19. Refer to text on pages 315 and 316. 
20. Refer to text on pages 315 and 316. 
21 (iv) Pa = Pau =550W => Epl p = 550 


22. Given, input voltage, V, = 2200 V 
Number of turns, n, = 3000 
Output voltage, V, = 220 V 


As MA = 
V, n 
> 220 _ n, 
2200. 3000 
22 
=> n, = see, x 3000 
2200 


s. Number of turns in the secondary winding, 
n; = 300 turns. 
23. N, = 22; refer to Q. 22 on page 318, 


24. Here, N , = 100, “+ =100 
N, 
€, = £, = 220 V, P, =1100 W 
G) N,=100 
~. N, = 10000 
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100 x 220 = 22000 V 


-Nexe = 


25. Here, power, 
Current, J, = ra 
Voltage, Vi = T, 0.54 

=111.11 V= 111 V 


On average, the input current is half a load current. 
I, _0.54 


The transformer is step-down. 
3 
26. Given, input voltage, V, = 2.5x 10° V 


Input current, I, = 20 A 


N 10 N 1 
p = — => J = ` 
Also, N, 1 N, 10 -f 


l Output pow 
Percentage efficiency = Rete ha aa 100 
Input power 
90 _ Output power 


100 Volp 


= 


~ 90 
(i) Output power =— x (V_I 
put p T (VL) 


= 00 x (2.5 10°V) x (20 A) 
100 


=4.5x 10‘ W 
ae MLN 
\ > N, 
ad V, = N, x Vi 
N, 
Voltage, V, = = xX 2.5x 10° V= 250 y 
1 
" Vi1,= 45x 10° W 
Current, g = 4:5X 10" _ 4.5% 10" 180A 
27 V, 250 i; 
A M 
28. fe 147 turns, 0.0682 A; refer to Q. 25 on p 
29 G »10A, 2000 W; refer to Q. 26 on page 3! 3 
* Menerating power of electric plant = 800 kW at 


istance/length =05Q/km P 
15 km, generating voltage = aes , 


age, V = 4000 V 
p 

Secondary voltage, V, = 220 V 

(i) Power = Lev, ` 


Pp 
=> 800 X1000 = I, x 4000 


Distance = 
Primary volt 


erating Current 


> l= 200 A 

Line power loss in form of heat 
=(I,) X R (2 lines) 
= (I,)’ x 05x15x2 
= (200)? x0.5x15x 2 


=60x 10* W= 600 kW 
(ii) If there is no power loss due to leakage, then 
the power supply by plant = 800 + 600 = 1400 kW 
(iii) Voltage drop across the line = J p` R(2 lines) 
= 200x 0.5x 15x 2= 3000 V 
Voltage from transmission = 3000 + 4000 = 7000 V 


As, it is given that the power is generated at 440 V. 
So, the step-up transformer needed at the plant is 
440V-7000 V. 


30. Given, primary voltage, V, = 40000 V 
Let the current in primary be / ,. 
V,-1,=P 
800 x 1000 = 40000 xI, 
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I p= 20 A 
(i) Line power loss =I i x R (2 lines) 
= (20)? x 2x 0.5x 15 
i = 6000W = 6 kW 
(ii) Power supply by plant = 800 + 6 = 806 kW 
Voltage drop on line =1,-R (2 lines) 
= 20x 2x 05x 15 
=300V 
Voltage for transmission = 40000 + 300 = 40300 V 
Step-up transformer needed at the plant 


= 440 V-40300 V 
Power loss at higher voltage 


= = X 100 = 0.74% 
800 
Power loss at lower voltage 
600 
= — X 100= 42.8% 
1400 


Hence, the power loss is minimum at higher voltage. 
So, the high voltage transmission is preferred. 


SUMMARY 


r iliak Current If the direction of current changes 
a tematively and its magnitude change continuously with 
N to time is called Alternating current. It is sinusoidal in 
nature. 


a The instantaneous value of AC is given by J =/, sinwt and 
instantaneous value of alternating emf is given by E = Ep sin œt. 


* Mean value of AC is that value which send same change 
through a cicruit in half cycle which is sent by steady current in 
same time. 


“ I,,, = 0.6377, and E,, = 0.637E, 
where, J, and E, are the peak values of current and voltage, 


respectively. i 

e Root mean square (RMS) value of AC is that value over a 
complete cycle that generates same amount of heat in the given 
resistor that is generated by steady current in the same resistor. 


= a 20 
Ea Jims = Fy ANG Ere P 


* A diagram representing alternating current and alternating emf 
(of same frequency) as rotating vectors (phasors) with the 
phase angle between them is called phasor diagram. 


* AC through Resistor Only In this case, there is Zero phase 
difference between instantaneous alternating current and 
instantaneous alternating emf. So, they are in same phase. 


* AC through Capacitor Only In this case, the current leads the 
voltage by a phase angle of > or the voltage lags behind the 


current by the phase angle of > 
1 
2riC 
` s AC through Inductor Only In this case, the current lags behind 
the voltage by phase angle of 5 or the voltage leads the current 


Capacitive reactance, X% = 


by phase angle of > Inductive reactance, X, =2n/L. 


a AC through L-C-A Series Circuit In this case, Impedance 


XX 
and H=- R 
When X; > Xc» then the AG circuit is inductance dominateg | 
en AL C’ 
circuit . E ; : 
When Xc > X. then the AC circuit is capacitance dominate, 
c> Xe 
circuit. | 
in series L+C-R circuit, if phase () between current and | 


voltage is zero, then the circuit is said to be resonant circu 


Resonating frequen 


Quality Factor (Q-Factor) determines the sharpness of the 
resonance. 


1 fb 
Q-factor = R E 


Average Power Associated in AC Circuit, 
Pa = Ims Ems COS 8 


Tms 


> P. -Eo to 
EEA 


Wattless Current is the current which consumes no power fet 
its maintenance in the circuit. 


cy is given by, 
{ 


Transformer is used to increase or decrease the altrenating 
voltage. 


It is of the two types 
(i) Step-up Transformer N,>N, 


V >V, 

lasl 
(ii) Step-down Transformer N,<N, 
Vs <Vp 


>h 


CHAPTER 
PRACTICE 


) plectlV E Type Questions 7 


. Acoil of resistance 50 Q and inductance 10 His 


|, Ifan AC main supply is given to be 220 V. What 
would be the average emf during a positive 


current is J, then the value of power dissipated 
in the circuit is 


connected with a battery of 50 V. The energy 
stored in the coil is 


half-cycle? (a)125J (b)625J = (c) 250J (d) 500 J 
(a) 198 V (b) 386 V 8. The value of power factor is maximum in an 
(c) 256 V (d) None of these alternating circuit, when circuit consists 
1, Ifan alternating voltage is represented as (a) only inductive (b) only capacitive 
Ẹ =141sin (628 ¢), then the rms value of the (c) only L-C (d) only resistive 
voltage and the frequency are respectively 9. In R-L-Cseries circuit with 
(a) 141 V, 628 Hz C= 1.00 nF two values of R are 
(b) 100 V, 50 Hz (i) R =100 Qand 
(c) 100 V, 100 Hz (ii) R=200Q. For the source applied with 
(d) 141 V, 100 Hz V,, = 100 V. Resonant frequency is 
3 6 
3. Ina purely inductive AC circuit, L = 30.0 mH and er a (b): 1x10 a 
the rms voltage is 150 V, frequency v = 50 Hz. (€) :1.56x 10° rads (d) 1.75x 10" rad/s, 
The inductive reactance is 10. The L-C-R circuit is connected to source of an 
(a) 15.9Q (b) 9429. (c) 102 (d) 8.85Q alternating current. At the resonance, the phase 
4 — difference between current flowing in the 
. Inan AC circuit, the power factor inaita ial diff ill b 
(a) is zero when the circuit contains an ideal Covi Rue Polen eee 
ateka (a)zero (b) 0/4 (c) n/2 (d) x 
(b) is unity when the circuit contains an ideal 11. The phenomenon of resonance is common 
resistance only among systems that have a tendency 
(c) is unity when the circuit contains a capacitance (a) to oscillate at a particular frequency 
only (b) to get maximum amplitude 
(d) is unity when the circuit contains an ideal (c) Both (a) and (b) 
inductance only (d) Neither (a) nor (b) 
Š. Ifin an alternating circuit, the voltage isV and {2. The value of emf in the secondary coil of 


transformer depends on 
(a) the number of turns (b) material used 


(a) V7 (c) voltage (d) induced flux 
(b) V1/2 
(c) VI/./2 ASSERTION AND REASON 


(d) depends upon the angle between V and I 


' Inan AC circuit, the instantaneous values of 
emf and current are e = 200 sin (314) V and 
!=sin(314¢ + 2/ 3) A. The average power 
Consumed is 
(a) 200 W 


(b) 100 W 
(e) Sow 


(d) 25W 


Directions (Q. Nos. 13-21) In the following 
questions, two statements are given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 


(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 

(c) Assertion is true but Reason is false. 

(d) Assertion is false but Reason is true. 


Assertion Today, most of the electrical devices 


` use/require AC voltage. l 


Reason Most of the electrical energy sold by 
power companies is transmitted and distributed 
as alternating current. 


Assertion PhasorsV and I for the case of a 
resistor are in the same direction. 


Reason The phase angle between the voltage 
and the current is zero. 


Assertion When the capacitor is connected to 
an AC source, it limits or regulates the current, 
but does not completely prevent the flow of 
charge. 

Reason The capacitor is alternately charged 


and discharged as the current reverses each 
half-cycle. 


Assertion Capacitor serves as a barrier for DC 
and offers an easy path to AC. 


Reason Capacitor reactance is inversely 
proportional to frequency. 


Assertion If Xc > X,, dis positive and the 


circuit is predominantly capacitive, The current 
in the circuit leads the source voltage. 

Reason If Xo < X,, dis negative and the circuit 
is predominantly inductive, the current in the 
circuit lags the source voltage. 


Assertion In a series R-L-C circuit, the 
voltages across resistor, inductor and capacitor 
are 8V, 16V and 10V, respectively. The resultant 
emf in the circuit is 10 V, 


Reason Resultant emf of the circuit is given by 
the relation. 


E= JVR + (V, - Ve)? 


Assertion Resonance phenomenon is exhibited 
by a circuit only if both L and C are present in 
the circuit. 

Reason Voltage across L and C cancel each 
other and the current amplitude is Vm/R, the 


total source voltage appearing across R causes 
resonance. 


Assertion In series L-C-R circuit resonance 
can take place. 
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Reason Resonance takes place if inductance 
and capacitive reactances are equal and 
opposite. 

21. Assertion The wire used for the windings of 
transformer has some resistance. 


Reason Energy is lost due to heat Produced in 
the wire (I?R). 


CASE BASED QUESTIONS 


Directions (Q.Nos. 22-23) These questions are 
case study based questions. Attempt any 4 
sub-parts from each question. Each question 
carries 1 mark. 


22. The Transformer 


Transformer is a device, which is used to 
increase or decrease the alternating voltage, 
The transformers are of the following types 


1. Step-up transformer 2, Step-down transformer 


Laminated 
core 


5 Output 
seconda 
co! 6) y 


Transformer is based upon the principle of 
mutual induction. It consists of two coils, 
primary coil (p) and secondary coil (s), insulated 
from each other wounded on soft iron core. 
Often the primary coil is the input coil and 
secondary coil is the output coil. These soft iron 
cores are laminated to minimise eddy current 
loss. 
(i) What is not possible in a transfomer? 

(a) Eddy current 

(b) Direct current 

(c) Alternating current 

(d) Induced current 

(ii) Which quantities do not change during 
transformer operation? 

(a) Power (b) Frequency 
(c) Voltage (d) Both (a) and (b) 

(iii) A transformer has 150 turns in its primary 
and 1000 in secondary. If the primary is 
connected to 440 V DC supply, what will a 
the induced voltage in the secondary side? 
(a) 10V (b) 3V (c) 5V (d) Zero 


ating Current 
ptem 
(iv) The ratio of secondary to primary turns in 

an ideal transformer is 4 : 5, jf Power input is 
p, then the ratio of power Output to power 
input is 
(a) 4: 9 (b) 9:4 
O) 5:4 (d) 1:1 


(v) A power transmission line fe 
at 2300 V to a step-down t 
its primary windings ha 
What should be the num 


eds input power 
Transformer with 
ving 4000 turns. 
ber of turns in the 


secondary in order to get output power at 
230 V? : 

(a) 600 (b) 550 

(c) 400 (d) 375 


23, AC Generator 


An AC generator produces electrical] energy 
from mechanical work, just the opposite of 
what a motor does. In it, a shaft is rotated by 
some mechanical means, such as an engine ora 
turbine starts working and an emf is induced in 
the coil. 

Itis based on the phenomenon of 
electromagnetic induction which states that 
whenever magnetic flux linked with a 


conductor (or coil) changes, an emf is induced 
in the coil. 


(i) Which method is used to induce an emf or 

Current in a loop in AC generator? 
(a) A change in the loop’s orientation 
(b) A change in its effective area 

(c) Both (a) and (b) 
(d) Neither (a) nor (b) 

(i) When the coil is rotated with a constant 
angular speed w, the angle 6 between the 
magnetic field vector B and the area vector 
A of the coil at any instant t, is 
(a) @= AB (b) 6=At 
() 6=o1 (d) @= Bt 

üi) The change of flux is greatest at is equal to 
(given, p = NBAcoswt) 

(a) 90°, 279° (b) 90°, 45° 
(c) 60°, og (d) 180°, 90° 
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(iv) The graph below shows the voltage tag 
plotted against time. Which point on t e 
graph shows that the coil is in a vertical 
position? 


Yor p 


Q 


R 


(a) P (b) Q (c) R (dS 

(v) An AC generator consists of a coil of 1000 
turns and cross-sectional area of 100 cm?, 
rotating at an angular speed of 100 rpm in a 
uniform magnetic field of 3.6 x 107*T. The 
maximum emf produced in the coil is 
(a) 1.77V (b) 2.77V 
(c) 3.77V (d) 4.77V 


VERY SHORT ANSWER Type Questions 


24. Prove mathematically that the average value of 


alternating current over one complete cycle is 
zero. 


25. Draw the graph showing the variation of 
reactance of (i) a capacitor (ii) an inductor with 
the angular frequency of an AC circuit. 


26. Distinguish between resistance, reactance and 
impedance for AC circuit. 


27. The total impedance of a circuit decreases, 


when a capacitor is added in series with L and 
R. Explain why? 


SHORT ANSWER Type Questions 


28. Show mathematically that an ideal inductor 
does not consume any power in an AC circuit. 


29. Discuss the use of transformer for long distance 
transmission of electrical energy. 


30. What are the factors which reduces the 
efficiency of the transformer? 


31. What is iron loss in a transformer and how it 
can be reduced? 


LONG ANSWER Type I Questions 


32, Draw a circuit diagram showing a series L-C-R 


circuit and derive an equation for its resonant 
frequency. 


33. Explain the principle, construction and working 


of a step-down transformer. Can it be used with 
a DC circuit? 
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34. 


a the expression for the true power and 
Pparent power in an AC circuit. Determine the 


Condition so that current in the circuit may be 
wattless. 


35. An AC source of voltage, V = V,, sin œ t, is 
applied across a series L-C-R circuit. Draw the 
phasor diagram for this circuit when the, 

(i) capacitive impedance exceeds the inductive 
Impedance. 


(ii) inductive impedance exceeds the capacitive 
impedance. 


36. Answer the following questions. 

(i) In any AC circuit, is the applied 
instantaneous voltage equal to the algebraic 
sum of instantaneous voltage across the 
series elements of the circuit? Is the same 
true for rms voltage? 

(ii) A capacitor is used in the primary circuit of 
an induction coil. Why? 

(iii) An applied voltage signal consists of 
superposition of a DC voltage and an AC 
voltage of high frequency. The circuit 
consists of an inductor and a capacitor in 
series. Show that the DC signal will appear 
across C and the AC signal 
across L, 


LONG ANSWER Type II Question 


37. (i) Obtain the expression for the average power 
consumed in a series L-C-R circuit 
connected to AC source for which the phase 
difference between the voltage and the 
current in the circuit is 9. 

(ii) Define the ‘quality factor in an AC circuit. 
Why should the quality factor have high 
value in receiving circults? Name the 
factors on which it depends. 


NUMERICAL PROBLEMS 


38. The electric mains in a house are marked 220 V, 
50 Hz. Write down the equation for 
instantaneous voltage. 

What is the power dissipation in an AC circuit 


in which voltage and current are given by 
E = 300sin(wt + 1/2) and J = Ssinwt? 


How much current is drawn by the primary coil 
of a transformer, which step-down 220 V-44 V 
to operate a device with an impedance of 


440 Q? 


NCERT 


39. 


19. 


20. 
21. 
22. 


23. 


| Allzwvone | PHYSICS Class 12th 


| ANSWERS | 


@ 20 3&0 40 5 
O Ta 8d 9 10. (a 
-@ 12 (a 1%2@ 14. (d 15. (a 
. (a) 17. (b) 


. (a) The resultant emf in the L- C-R circuit is given by 


E =V? + (V, - Vc” 
= E= (8)? + (16 —10)? 


=> E=./64+36 > E=10V 


(a) It is important to note that resonance phenomenon js 
exhibited by a circuit only if both L and C are present in 
the circuit. Only then do the voltage across L and C 
cancel each other (both being out of phase) and the 
current amplitude is V,,/R, the total source voltage 
appearing across R. This means that we cannot have 
resonance in a R-L or R-C circuit. 

(a) 

(b) 

(i) (b) Transformer is used to convert the value of AC 
voltage. It works on the principle of electromagnetic 
induction, so direct current is not possible in it. 

(ii) (d) The power and frequency do not change in a 
transformer operation. It changes voltage in a circuit. 

(iii) (d) As transformer works only in AC and in case of 
DC supply, there is no induced emf or voltage in 
secondary because there is no change in flux through 
the transformer circuit. 

(iv) (d) In an ideal transformer, there is no energy loss and 
flux is completely confined with the magnetic core. 
ie. perfectly coupled. 


So, hu 


(v) (c) Here, €, = 2300 V, N, =4000, €, = 230 V 
Let N, be the required number of turns in the 


secondary, 
As, E = N, 
E N, 
= men, (E) = sof 28) ao 
E€ 
p 


(i) (c) One method to induce an emf or current in a 109P 
is through a change in the loop's orientation äi 
change in its effective area. i 
As the coil rotates in a magnetic field B, the effec 
area of the loop (the face perpendicular to the field)” 
Acos®, where 8 is the angle between A and B. 


mating Current 
alt 


‘i (c When the coil is rotated with a consta 
speed 9, the angle O between the magnetic field 
vector B and the area vector A of the coil at an 
instant t is © = œt (assuming 0 = 0° at ¢ = 0). : 


nt angular 


dp _ _ i 
ai) @ 7" NBAsin wt, change of flux is greatest 
for ot = ie) = 90°, 270°, i) = 90°, 270°. 


(iv) (b) When the coil passes through its vertical 
position, its side is moving parallel to the magnetic 
flux between the magnetic poles, so no change of 
flux occurs. Hence, no emf is induced in it and 
output voltage is zero, i.e. at point Q. 


(v) (¢) Given, N =1000, A =100 cm? =197 m?, 
100 
vy =100 rpm = — rps 
i 60 = 
and B=3.6x10° T 


.. Maximum emf produced in the coil is 
ey = NBA œ = NBA (27v) 


=10003.6%10 x10? x 2x 2210 
7 60 
=3.77 V 
24. Refer to text on page 300. 
25. (i) (ii) 
Xo { 
Xp 
— 0 a 


26. The basic function of the three is the same ie, to 
oppose the flow of current through the circuit, But 
the difference lie in their expressions. As, 
Resistance, R= V /I 

1 
Capaciti Xc =— 
pacitive reactance, Ac oc 
Inductive reactance, X, = OL 
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Impedance, Z = | R? +(X, - Xo)" 


27. Impedance of an L-R circuit is 


ZafR+X,) 


But with the introduction of a capacitor in series with a L 
and R, the new impedance will be 


L= {R +(X; -Xc 


Hence, the total impedance decreases. 
28. Refer to text on pages 295 and 296. 
29. Refer to text on pages 316. 
30. Refer to text on page 316. 
31. Refer to text on page 316. 
32. Refer to text on pages 297 and 298. 
33. Refer to text on pages 315 and 316. 
34. Refer to text on pages 300 and 301. 
35. Refer to text on pages 297 and 298. 
36. (i) Yes, it is true for instantaneous voltage. 
No, it is not true for rms voltage because voltages across 
various elements may not be in same phase. 

(ii) Because when the circuit is broken, then the large 
amount of induced voltage is used up in charging the 
capacitor. Thus, sparking is avoided. 

(iii) X, =@L =2nvL 
and Xc = ee 

oC 2nvC 
Case I For DC, If v=0, then Xç =% 

Thus, capacitor blocks DC 

Case II For AC of higher frequency, X, is also higher, thus the 
inductor blocks the current. Hence, AC signal appears 
across L, 

37. (i) Refer to text on page 300. 

(ii) Refer to text on pages 299 and 300. 
88. Refer to text on page 301. [Ans. 220V2sin100n¢] 


39. 720W, P, = Eo REAT /V2cos0, [here, 0 = 0°] 
40. Refer to Example 1 on page 316. [Ans. 0.02A] 


field gives rise to an electric field. This brought anges ree ea electrici 
and magnetism into a coherent and unified theory. After A = ii 
predicted variation of electric and magnetic field vectors po FR each other 
leads to electromagnetic disturbance in space. He also conclu : y " c eetromagneti 
waves could travel with the speed of light. This led him to conclude that the light itself 


is an electromagnetic wave. 


. i nd a varyin ; 
We have learnt that an electric current produces magnetic field a TyINg Magneti, 


ELECTROMAGNETIC 
WAVES 


DISPLACEMENT CURRENT 


Ampere’s circuital law states that, the line integral of magnetic field B around 
any closed path is equal to fi, times the total current threading the closed path, 


$B-dl=p151 „(i 
where, J is the net current threading the surface bounded by a closed path C. 


CHAPTER CHECKLIST 
e Displacement Current 

e Maxwell's Equations 

e Electromagnetic Waves 


e Electromagnetic Spectrum 


Origin of Displacement Current 


According to Maxwell, the Eq. (i) is logically inconsistent. With the help of 
following observations, it explained the same. He considered a parallel plate 
capacitor having plates A and B connected to a battery L, through a tapping key 
K. After pressing the key K, the conduction current flows through the 
connecting wires and the capacitor starts storing charge. As the charge on the 
capacitor grows, the conduction current in the wire decreases. When the 
capacitor is fully charged, the conduction current stops flowing in the wire. B 

during the charging of capacitor, there is no conduction current between h i 
plates of capacitor. Let at an instant during charging, J be the PA aa 


current in the wires. This current will produce magnetic field around the wi 
which can be detected by using a compass needle. nies 


| 
| 
| 


| 
| 


| 


gjctomagnen’ Waves 
A B 
$ = 
E |+ ~ 
E: 
I i z 
$ » 
Mu z 
Cr |, 2 
L 


(a) 
circuit diagrams showing the inconsistency of Ampere's circuital law 
afer this, the magnetic field was found out at point E, 
which is ata perpendicular distance r from connecting wire, 
in a region outside the parallel plate capacitor. For this, a 

lane circular loop C, of radius r is considered. Its centre 
lies on wire and its plane is perpendicular to the direction of 
arent carrying wire [see Fig. (a)]. The magnitude of 
magnetic field is same at all points on the loop and is acting 
nngentially along the circumference of the loop. If B is the 
magnitude of magnetic field at Æ, then by using Ampere’s 


drcuital law for loop C}, we get 
fB-a1 =$ Bdlcos0 = B X 27r =pl 


I 
puto 

2mr 
Now, a different surface, i.e. a tiffin box surface is 


(ii) 


> 


| considered. This surface is without lid with its circular rim, 


which has the same boundary as that of loop C; 

kee Fig. (b)]. 

On applying Ampere’s circuital law to loop C; of this tiffin 
surface, we get 


4B-dl=B-2nr=[1) x0=0 ii 


From Eqs. (ii) and (iii), it has been noticed that there is a 

Magnetic field at E calculated through one way and no 

Magnetic field at Æ, calculated through another way.As this 

Mntradiction arises from the use of Ampere's circuital law, 
ce, Ampere’s circuital law is logically inconsistent. 


basic Idea of Displacement Current 


in . 
ie Ampere’s circuital law for conduction current during 
‘bing of a capacitor was found inconsistent. Maxwell 


Bu e e E 
€ . . 
d that the above inconsistency of Ampere s$ circuital 


hui 

w Is h 

telat Ccause of some missing term. That term must be 
hich passes through 


Urfa to a changing electric field w ! ' 

So, ,> between the plates of capacitor during charging. 
dipha axwell introduced this missing term, i.e. 
hw cement current, in order to make Ampere s circuital 
0; i . . 
tae aly consistent. Displac peer eer’ 
thenie p. ich comes into play in the region in which the 


teld and the electric flux is changing with time. 


ement current is that - 
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ddr 
ic, Displacement current, li =£0— 


ified 
Ampere’s circuital law 4 B-dl=Uol/ was modified to 


fB-dl=po (I. +14) 


i = displacement 
where, 7, = conduction current and J, = displa 


current. 

It is called modified Ampere’s circuital law 

or Ampere Maxwell’s-circuital law. 

Therefore, modified Ampere’s circuital law may also be 


expressed as 
dbs ) | 
I, +£ ms 


The inferences can be drawn from the above discussion as 


given below 

(i) The: conduction and displacement currents are 
individually discontinuous, but the currents together 
possess the property of continuity through any 
closed electric circuit. 

(ii) The displacement current is precisely equal to the 
conduction current, when the two present in 
different parts of the circuit. 

(iii) The displacement current arises due to rate of change 
of electric flux (or electric field) between the two 
plates of the capacitor. 


$B-dl=Hy 


(iv) Just as the conduction current, the displacement 
current is also the source of varying magnetic field. 


EXAMPLE |1] In an electric circuit, there is a capacitor 
of reactance 100Q connected across the source of 220V. 
Find the displacement current. 


Sol. Since, displacement current = conduction current. 


Therefore, [= 


EXAMPLE [2 In which way, you can establish an 
instantaneous displacement current of 1.0A in the space 
between the parallel plates of 1 uF capacitor? 

Sol. 


^ Displacement current, 
db, d 
I = E — i — oe 
a= Fo = S07 (EA) [ve = EA] 


where, E is electric field and A is the area of 


cross-section, 
= Ey A a K 
dt \ d 


” tye Sth VY dy Cw S04 
d d at d 
= -L PRLE 
di Č 410% 


Thus, an instantaneous displacement current of 1 A can 
be set up by changing the potential difference across the 
parallel plates of capacitor at the rate of 10° Vs™'. 


MAXWELL’S EQUATIONS 


Maxwell's equations are the basic laws of electricity and 
magnetism. These equations give complete description of 
all electromagnetic interactions. Maxwell on the basis of his 
equations, predicted the existence of electromagnetic waves. 


There are four Maxwell's equations which are explained as 
given below 


Gauss’s Law of Electrostatics 
This law states that, the total electric flux through any 


closed surface is always equal to = times the net charge 
0 
enclosed by thar surface. It is given by 


fE-ds=t 


0 


This equation is called Maxwell’s first equation. 


Gauss’s Law in Magnetostatics 


This law states that, the net magnetic flux through any 
closed surface is always zero. It is given by 


This equation is called Maxwell’s second equation. 


Faraday’s Law of 
Electromagnetic Induction 


This law states that, the induced emf produced in a circuit is 
numerically equal to rate of change of magnetic flux 
through it. It is given by 

dy | 


fEdi=-—2 


This equation is called Maxwell’s third equation. 


Ampere-Maxwell’s Circuital Law 
This law states that, the line integral of the magnetic field 


along a closed path is equal to [times the total current 
(i.e. sum of conduction current and displacement 


` 
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current) threading the surface bounded by that close 


path, It is given by 


a 
ee 1. +e oA 
t 


This equation is called Maxwell’s fourth equation, 


ELECTROMAGNETIC WAV g 


These waves are produced due to the change in electric fl 
E and magnetic field B sinusoidally and Propagat 
through space such that, the two fields are perpendicular 
each other and perpendicular to the direction of wi 


propagation. 


Source of Electromagnetic Waves 


An oscillating charge is an example of accelerating charge. |; 
produces an oscillating electric field in space, whic, 
produces an. oscillating magnetic field, which in mm 
produces an oscillating electric fields and so on. The 
oscillating electric and magnetic fields regenerate each other 
asa wave which propagates through space. 

The frequency of EM wave is equal to the frequency of 
oscillation of charge, i.e. 

1 


v= 
2nVLC 


Electromagnetic waves are also produced when fast moving 
electrons are suddenly stopped by metal target of high 
atomic number. These electromagnetic waves are called 
X-rays. 


Transverse Nature of 
Electromagnetic Waves 


It can be shown from Maxwell’s equations that electric and 
magnetic fields in an electromagnetic wave z 
perpendicular to each other and to the direction of wa? 
propagation. 
It was seen in the discussion of the displacement curren 
e If we would consider a parallel plate capacitor li 
oat Page aes the E inside the parallel plate capaci 
o a eted perpendicular to the plates. Also, the BW" 
give rise to the displ we 
capacitor . Thus, = 
But, this observat 
X 


Isplacement current was parallel 
E and B were perpendicular in tha 
tOn Is a general feature. 


— Direction of wave propagation 


Apl 
Plane EM wave travelling along Z-axis 


magnetic Waves 
peor” 


j above figure, we see that permane 
I asic field E which l5 along x-direction and dotted curve 
Hs magnetic field B which is along y-direction and the 
A ropagates along z-direction, Both E and B ‘vary 


: become maxi ay 
epcoilly and imum at same position and 
ne. 
gin 


Nt curve shows 


in electromagnetic wave, E and B are mutually 
dicular tO each other, so they are transverse 
in nature. 

qhe EM wave propagating in the positive z-direction may 
p represented by the following equations 


E =E, = Esin (kx — Wt) 
B=B, = By sin(kz — ot) . 
where, k= 27 IÀ, [A = wavelength] 


Here, 


. = 2m, ; [V= frequency] | ` 


Ey= amplitude of varying electric field 
nd By) =amplitude of varying magnetic field. 


Important Characteristics of 
Electromagnetic Waves 


Important characteristics of EM waves are listed below | 
(i) The electromagnetic waves are produced by 
accelerated charge. 
(i) These waves do not require any material medium 
for propagation. i 
(iti) These waves travel in free space with the speed of 
light (3 x 108 ms"), given by the relation 
c=] AEJ It means that light waves are , 


; electromagnetic in nature. 

(i) Speed of electromagnetic wave in a medium is given 
by, v=1/ ue, where € and p are.the permittivity 
and magnetic permeability of a material medium, 
respectively. This means, the speed of EM wave ina 
medium depends on electric and magnetic properties 
ofa medium. 

W) The direction of variations of electric and magnetic 
fields are perpendicular to each other and also 
Petpendicular to the direction of wave propagation. 

: Thus, electromagnetic waves are transverse in nature, 

W) In free space, the magnitudes of electric and magnetic 
elds in electromagnetic waves are related by 
E, I By =p 

) The energy in electromagnetic waves is divided, on 
fel equally between electric and magnetic 


(vii 


U, =Unm 


33] 


where, U, = energy of electric field 
and U,„= energy of magnetic field. 


(viii) The energy density (energy pet unit vol 
and that in 


ume) in an 


’ À r E7 
electric field E in vacuum 1s 7 


2 

magnetic field B is ——. 
Zio 

<. Energy associated wit 


given by 


h an electromagnetic wave IS 


2 
1 >, 14 
—E,E +7 
Uy 4 0 0 4 Ho 
1 By 
also tay =E; =— 
2 2uo 


(ix) Electromagnetic waves, being uncharged, are not 
deflected by electric and magnetic fields. 

(x) The electromagnetic wave like other waves carries 
energy and momentum. Since, it has momentum, an 
electromagnetic wave also exerts pressure called 
radiation pressure. 

If wave is incident on a completely absorbing surface, 
then momentum delivered is given by 


U 


momentum, P =— 
c 


Note Light carries energy from the sun to the earth, thus 
making life possible on the earth. 

(xi) Electromagnetic waves are polarised and can be easily 
seen in the response of a portable AM radio to ‘a 
broadcasting station. Ifan AM radio has a telescopic 
antenna, it responds to the electric part of the signal. 
When the antenna is turned horizontal, the signal 
will be greatly diminished. 


EXAMPLE |3] An electromagnetic wave is travelling in 
vacuum with a speed of 3x 10°m / s. Find its velocity in a 


medium having relative electric a 
‘ys nd m 
permeability 2 and 1, respectively, agnetic 


Sol. Given, velocity of electromagnetic wave in vacuum 
| ¢=3X10'm/s | 

Relative electric permeability, & = 2 

and magnetic permeability, u, =1 

Since, velocity of electro 


magneti i .! 
be calculated by gnetic wave in a medium can 
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1 1 
v= n = ammo 
Vesna, yeme x VG 
1 c ; 
where, =¢ > v= a(i) 
VEe Wie, 
3x10° 3 8 
Therefore, v= v =—x 10° m/s 
` J2x1 2 


ELECTROMAGNETIC 
SPECTRUM 


The orderly arrangement of EM waves in increasing or 
decreasing order of wavelength A or frequency v is called 
electromagnetic spectrum. The range varies from 107'?m 
to 10*m, i.e. from y-rays to radio waves. 


Violet 


Blue 


Green 


Yellow 


Orange 


Red 


Electromagnetic spectrum with common names 
for various parts of it 
The wavelength ranges, frequency ranges and use of various 
regions of electromagnetic spectrum are summarised below 


Radio waves 


These are produced due to oscillating charge particles, The 
frequency varies from: 500 kHz to 1000 MHz. 
Uses of radio waves are given below 
(i) These are used in AM (Amplitude Modulation) from 
930 kHz to 1710 kHz. These are also used in ground 
wave propagation. 
(ii) These are used in TV waves ranging from 54 MHz to 
890 MHz. 
(iii) These are used in FM (Frequency Modulation) 
ranging from 88 MHz to 108 MHz. 


(iv) UHF (Ultra High Frequency) waves are used in 
cellular phones. 
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Microwaves jer ae 
arc called short wavelength radio waves ‘di 
saan aie by vacuum tubes. Their frequency lies inte 
as of | GHz to 300 GHz (gigahertz). , 
Uses of microwaves are given below 
(i) These are used in RADAR systems for "Y 


navigation. , 
(ii) These are used in microwave oven for cooking 
purpose. . | 
(iii) These are used in study of atomic and molecular 
structures. | 


(iv) These are used to measure the speed of vehicle, speed 
of cricket ball, etc. 


Infrared Waves 


These waves were discovered by Herschell. These waves are 
also called heat waves. These waves are produced from the 
heat radiating bodies and molecules. 


They have high penetration power. Its frequency range is 
from 3 X10"! Hz to 4x10" Hz. 


Uses of infrared waves are given below 
(i) These are used in physical therapy. 
(ii) These are used in satellite for army purpose. 
(iii) These are used in weather forecasting. 
(iv) These are used for producing dehydrated fruits. 


(v) These are used in solar water heater, solar cells and 
cooker, 


Visible Rays 


It is that part of spectrum which is visible by human eye and 


. its frequency range is from 4 x 10" Hz to 7 x 10™ He. 


Uses of visible rays are given below 


Mi Tee are used by the optical organs of humans and 
animals i , 
als tor three Primary purposes given below: 


(i) To see things, avoid bumping from them and escap 
danger, 


(ii) To find stuff to eat, 


(iii) To find other living things with which to consort ® 
3s to prolong the Species, 


Ultraviolet Rays 
Th i 
T ers discovered by Ritter in 1801. These rays i 
pr ee Special lamps and very hot bodies. The sie 
ee 4 Source of UV-rays but fortunately abso" i 
frequen yer At an altitude of about 40-50km: 
€y range js from 104 Hz to 10!° Hz 


j tromagnetic Waves 


of ultraviolet rays are given below 
1) These are used in burglar alarm, 
gi) These are used in checking mineral sample 
il These are used to study molecular bereits 
fx) To kill germs in minerals. l 
(v) To sterilise surgical instruments. 
vi) These rays can be focussed into very narrow beams for 
high precision applications such as LASIK eye surgery 


gRays 

These rays were discovered by German professor Roentgen. 
Irs frequency range Is from 3 x 10° Hz t03 x 102! Ho. 

Uses of X-rays are given below 


(i) These are used in surgery to detect the fracture, 
diseased organs, stones in the body, etc. 


(ii) These are used in engineering to detect fault, crack on 
bridges, testing of welds. | 


(iii) These are used at metro station to detect metal or 


explosive material. 
(iv) These are used in scientific research. 


Gamma (y) Rays 

These rays were discovered by Rutherford. They travel with 
the speed of light and having high penetration power. The 
frequency ranges from 3 x 10'* Hz to 5 X 10” Hz. 


Uses of gamma (y) rays are given below 

(i) These are used to produce nuclear reaction. 

(ii) These are used in radio therapy for the treatment of 
tumour and cancer. 

(ii) These are used in food industry to kill pathogenic 
microorganism. } i 

liv) These are used to provide valuable information about 
the structure of atomic nucleus. l 

Different Types of Electromagnetic Waves 


Type Wavelength Production Detection 
> range 
= >0.1m Rapid acceleration Receiver's aerials 


and decelerations of 
\ electrons in aerials 


P 
Cowave 04mto  Klystron valve or Point contact 
1 mm magnetron valve diodes 
nt 
aed = 4mmto Vibration of atoms Thermopiles 
700 nm and molecules bolometer, Infrared 


(anes tol tS photographic film _ 
n 700 nmto Electrons in atoms The eye, 

400 nm emit light when they Photocells, 
move from higher Photographic film 


energy level to a 


lower energy level 
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Sate eet 
xr shell elec IIs 
Inner shell electrons Photocell>, Ţ 
in atoms moving Photographic 


Ultraviolet 400 nm to 


rays 1 nm 
irom higher energy film 
level to a lower 
energy level eee 
X-rays inmto X-ray tubes or inner Photographic 
10° nm shell electrons film, Geiger 
tubes, 
lonisation 
chamber 
Gamma <10°nm Radioactive decay Photographic 
rays of the nucleus film, ionisation 


chamber 


Note This EM spectrum and its properties have been frequently 
asked in previous years 2014, 2013, 2012, 2011, 2010 


CHAPTER PRACTICE| 
(SOLVED) 


OBJECTIVE Type Questions 


1. Which statement represents the symmetrical 
counterpart of Faraday’s law and a 
consequence of the displacement current 
being a source of a magnetic field? 

(a) An electric field changing with time gives rise to 
a magnetic field 

(b) A magnetic field changing with time gives rise to 
an electric field 

(c) An emf changing with time gives rise to an 
electric field 

(d) An displacement current, changing with time 
gives rise to an electric field 


2. Alinearly polarised electromagnetic wave 
given as E= E.i cos (kz — qt) is incident 
normally on a perfectly reflecting infinite wall 
at z =a. Assuming that the material of the wall 


is optically inactive, the reflected wave will be 
given as 


(a) E, = E,i(kz - wt) 
(b) E, = E,icos(kz + wt) 
(c)E, =- Ei cos(kz + wt) 
(d)E, = E, isin(kz — wt) 
3. Radiations of intensity 0.5 Wm~ are striking a 


metal plate. The pressure on the plate is 
(a) 0,166 x10°° Nm 


(b) 0332x1078 Nm7* 
(c)0111x107° Nm=? 
(d) 0.083x10-° Nm~ 
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4. Total energy density of electromagnetic 
Waves in vacuum is given by the relation 


1 E? np? 
(a) —-— + —_ œ) leE? 4 4p, B? 
€o Al, 2 2 
E? +B? 2 
(c) (a) te, E? + : 
c 2 Zit q 


5. The speed of electromagnetic wave in 
vacuum depends upon the source of radiation 
(a) increases as we move from y-rays to radio waves 
(b) decreases as we move from y-rays to radio 
waves 
(c) is same for all of them 
(d) None of the above 


_ 6. One requires 11 eV of energy to dissociate.a 
carbon monoxide molecule into carbon and 
oxygen atoms. The minimum frequency of the 
appropriate electromagnetic radiation to 


achieve the dissociation lies in 
NCERT Exemplar 


(b) infrared region 
(d) microwave region 


(a) visible region 
(c) ultraviolet region 


VERY SHORT ANSWER Type Questions 


7. Acapacitor has been charged by a DC source. 
What are the magnitude of conduction and 
displacement current when it is fully 


charged? 
Delhi 2013 


8. The charge on a parallel plate capacitor varies 
as q = qg,cos2nvi. The plates are very large and 
close together (area = A and separation = d). 
Neglecting the edge effects, find the 


displacement current through the capacitor. 
NCERT Exemplar 


9. Avariable frequency AC source is 
connected to a capacitor. How will the 
displacement current change with decrease in 
frequency? NCERT Exemplar 


The charging current for a capacitor is 0.25 A, 
What is the displacement current across its . 
plates? Foreign 2016 


11. What are the directions of electric and 
magnetic field vectors relative to each other 
and relative to the direction of propagation of 
electromagnetic waves? All India 2012 


10. 


Acharged particle oscillates about its mean 
position with frequency 10° Hz. What is the 
frequency of electromagnetic wave produced 
by the oscillators? NCERT 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 
23. 


24. 
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In which directions do the electric and Magnetic 
field vectors oscillate in an electromagnetic Wave 
propagating along the X-axis? All India 201; 


How is the speed of electromagnetic waves jp 
vacuum determined by the electric and Magnet, 


fields? Delhi 201 
Do electromagnetic waves carry energy and 
momentum? All India 217 


An electromagnetic wave exerts pressure on the 
surface on which it is incident. Justify. 
Dethi 2014 


To which part of the electromagnetic spectrum 
does a wave of frequency 5 x 10'°Hz belong? 
All India 2914 | 


Name the type of electromagnetic wave used in 
food industry to will pathogenic microorganism 
Also write its frequency range. 


What physical quantity is the same for X-rays of 
wavelength 107° m, red light of wavelength 6800 
A and radio waves of wavelength 500 m? NCERT 


Why are microwaves considered suitable for 
radar systems used in aircraft navigation? 
Delhi 2016 


Name the electromagnetic waves which 


(i) maintain the earth’s warmth and 


(ii) are used in aircraft navigation. Foreign 2012 


Name the electromagnetic waves used in LASIK 
eye surgery and why? 


Name the electromagnetic radiations used for (2) 
water purification, and (b) eye surgery. CBSE 2018 


Why does microwave oven heats up a food 
item containing water molecules most efficiently? 
NCERT Exemplar 


SHORT ANSWER Type Questions 


25. 


26. 


When an ideal capacitor is charged by a DC 
battery, no current flows. However, when an A 
source is used, the current flows continuously. 
How does one explain this, based on the concept 
of displacement current? ` Delhi 201? 


persian: made of two parallel plates each of 
añ Broko Aes Separation d, is being charged 
disstacem, C Source. Show that the 
wee aoe current inside the capacitor is thé 
© current charging the capacitor. 
All India 2018 


plectro 


11: 


30. 


iL. 


32, 


agnetic Waves 


(i) An electromagnetic wave is travelling it 

medium with a velocity v = yj piace ra 
sketch showing the propagation of the 
electromagnetic wave indicating the 
direction of the oscillating electric and 
magnetic fields. 

(i) How are the magnitudes of the electric and 
magnetic fields related to velocity of the 
electromagnetic wave? 

Delhi 2013, All India 2008C 


Even though an electric field E exerts a force qE 
ona charged particle yet electric field of an 
electromagnetic wave does not contribute to 
the radiation pressure (but transfers energy). 
Explain. NCERT Exemplar 


Show that the radiation pressure exerted by an 
EM wave of intensity I on a surface kept in 


2d 
vacuum is —. ' 
c NCERT Exemplar 


Poynting vectors is defined as a vector whose 
magnitude is equal to the wave intensity and 


. whose direction is along the direction of wave 


propagation. Mathematically, it is given by 

S= LE xB). Show the nature of S versus t graph. 
Ho NCERT Exemplar 

Identify the electromagnetic waves whose 

wavelengths vary as 

(i) 10°? m<a<10°° m 

Write one use for each. 


(ii) 107 m<A < 107m 
All India 2017 


(a) Why are infrared waves often called heat 
waves? Explain. 


(b) What do you understand by the statement, 


B, 


4, 


_ ammeter, Will the ammeter 


“electromagnetic waves transport 


momentum”? CBSE 2018 


Show that the magnetic field B at a point in 
between the plates of a parallel plate capacitor 


Hofer dE (symbols having 
2 dt 


during charging is 


Usual meaning). NCERT Exemplar 


F 


A capacitor of capacitance 
y connecting it across a D 


Cis being charged 
C source along with 
show a 

he process of 


Momentary deflection during t mee 
explain this 


Charging? If so, how would you 
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nd the resulting 
the circuit? write the 


nside the capacitor. 
All India 2012 


momentary deflection 4 
continuity of current in 
expression for the current! 


LONG ANSWER Type Í Questions 


35, Write the expression for the generalise 


Ampere's circuital law. 
Discuss its significance and describe briefly 


how the concept of displacement current is 
explained through charging/discharging of a 
capacitor in an electric circuit. Delhi 2015 
of radiant flux density 
A 


d form of 


Show that average value 
S over a single period T is given by S= 7 

CHo 

NCERT Exemplar 


36. 


How are electromagnetic waves produced by 
oscillating charges? 

Draw a sketch of linearly polarised 
electromagnetic waves propagating in the 
z-direction. Indicate the directions of the 


oscillating electric and magnetic fields. 
Delhi 2016 


37. 


(i) Describe briefly how electromagnetic waves 
are produced by oscillating charges? 


(ii) Give one use of each of the following 
(a) Microwaves All India 2011C 


(b) X-rays 
(c) Infrared rays 
(d) Gamma rays 


38. 


Name the electromagnetic waves, in the 
wavelength range 10 nm to 10° nm. How are 


these waves generated? Write their two uses. 
All India 2017 C 


39. 


40. 


Answer the following questions. 

(i) Name the electromagnetic waves which are 
used for the treatment of certain forms of 
cancer, Write their frequency range. 

(ii) Thin ozone layer on top of stratosphere is 
crucial for human survival. Why? 

(iii) Why is the amount of the momentum 
transferred by the electromagnetic waves 
incident on the surface so small? Delhi 2014 


41. Answer the following questions. 


(i) Name the electromagnetic waves which ar 
produced during radioactive decay of a : 
nucleus.Write their frequency range 


(ii) Welders wear speci 
cial r 
working. Why? Expla pinsy goggles while 
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(iii) Why are infrared waves often called as heat 
waves? Give their one application. Delhi 2014 


42. Name the parts of the electromagnetic 
spectrum which is 
(i) suitable for RADAR systems in aircraft 
navigations. 
(ii) used to treat muscular strain. 
(iii) used as a diagnostic tool in medicine. 


Write in brief, how these waves can be 
produced? All India 2015 


43. Name the following constituent radiations of 
electromagnetic spectrum which 
(i) produce intense heating effect. 
(ii) is absorbed by the ozone layer in the 
atmosphere. 
(iii) is used for studying crystal structure. Write 
one more application for each of these 


radiations. 


44. Identify the part of the electromagnetic 
spectrum which is 
(i) suitable for radar system used in aircraft 
navigation. 
(ii) produced by bombarding a metal target by 
high speed electrons. All India 2016 


45. (i) Which segment of electromagnetic waves 
has highest frequency? How are these waves 
produced? Give one use of these waves. 

(ii) Which EM waves lie near the high frequency 
end of visible part of EM spectrum? Give its 
one use. In what way, this component of 


: light has harmful effects on humans? 
Foreign 2016 


NUMERICAL PROBLEMS 

46. The current in a circuit containing a capacitor is 
0.15 A. What is the displacement current and 
where does it exist? 


47. You are given a2uF parallel plate capacitor. 
How would you establish an instantaneous 


displacement current of 1 mA in the space 
between its plates? NCERT Exemplar 


48. Calculate the displacement current between the 
square plates of side 1 cm of a capacitor, if 
electric field between the plates is changing at 
the rate of 3x 10° V m” s”. 


49. Figure shows a capacitor made of two circular 
plates each of radius 12 cm and separated by 
5.0 cm. The capacitor is. being charged by an 
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external source (not shown in the figure), 
charging current is constant and equal to 0 e 
(i) Calculate the capacitance and the se A 
change of potential difference between, of 
the 


plates. 
(ii) Obtain the displacement current across th 


plates. 
(iii) Is Kirchhoff’s first rule (junction rule) 


at each plate of the capacitor? Explain. Valiq 


50. Aparallel plate capacitor (shown in the figure) 
made of circular plates each of radius R = 69 
cm has.a capacitance C = 100 pF. The capacitor 
is connected to a 230 V AC supply with angular 
frequency of 300 rad/s. 


(i) What is the rmis value of the conduction 
current? 
(ii) Is the conduction current equal to the 
displacement current? 
(iii) Determine the amplitude of B at a point 
3.0 cm from the axis between the plates. 
N 


spe (i) A plane electromagnetic wave travels in 


vacuum along z-direction. What can you s4 
about the directions of electric and magnet 
field vectors? 

(ii) If the frequency of the wave is 30 MHz. 


What is its wavelength? 
NCERT; Delhi 201? 


52. A radio can tune into any station in the 7.5 MH* 


to 12 MHz band. Wh tisi din 
wavelength? at is its correspon E cent 


53. : 
3 ane magnetic field of a beam emerging fr om 
Be er sethg a floodlight is given by 
=12x10" sin (1.20 x10? z -3.60 x 10” 0T. 


What i 
at is the average intensity of the beam? 
NCERT Exe™P 


tat romagnetic Waves 
F 


s4. About 5% of the power of a 100 
connected to visible radiation. What is i 
average intensity of visible radiation at ne 
(i) distance of 1m from the bulb 
(ii) distance of 10 m? Assume that 

is emitted isotropically 
reflection. 


W light bulb is 


the radiation 
and neglect 
NCERT 


= §5. The amplitude of the magnetic field part of a 

| harmonic electromagnetic wave in vacuum is 
By= 510 nT. What is the amplitude of the 
electric field part of the wave? 


NCERT 


56. Ina plane, electric field oscillates sinusoidally 
at a frequency of 2x10" Hz and amplitude 
48 V/m. 
(i) What is the wavelength of the wave? 

(ii) What is the amplitude of the oscillating 
magnetic field? 

(iii) Show that the average energy density of 
the E field equals the average energy 
density of the B field. 


NCERT 


57. Suppose that the electric field amplitude of an 
electromagnetic wave is Ey = 120 N/C and that 
its frequency is v = 50.0 MHz. (i) Determine 
Bpo, k and À. (ii) Find expressions for E and B: 

NCERT 


$8, Suppose that the electric field part of an 
electromagnetic wave in vacuum i 
E =[3.1cos (1.8 y+ (5.4x10°t))] i 
(i) What is the direction of propagation? 
(ii) What is the wavelength 2? 
(ii) What is the frequency v? 
(iv) What is the amplitude of the magnetic field 
part of the wave? 
(v) Write an expression for the magnetic field 
part of the wave. NCERT 


Use the formula, À „T= 0-29 cm-K to obtain the 
e ranges for different 
trum. What do 
NCERT 


59 


characteristic temperatur 
Parts of the electromagnetic spec 
the numbers that you obtain, tell you? 


60 


` Given below are some famous numbers 
associated with electromagnetic radiations in 
different contexts in Physics. State the part of 
the electromagnetic spectrum to which each 
elongs. 
(i) 21 cm (wavelength emitted by atomic 
hydrogen in interstellar space). 
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i ising 
(ii) 1057 MHz (frequency of radiation ari 
from two close energy levels in hydrogen, 


known as Lamb shift ). ree 
iii) 2.7 K (temperature associate with the 
i eee radiation filling all space thought 
to be a relic of the big-bang origin of the 
universe). 
(iv) 5890 A-5896 A (double lines of sodium). . 
(v) 14.4 keV (energy of a particular transition In 
57 Fe nucleus associated with a famous high 
resolution spectroscopic method 


(Méssbauer spectroscopy). NCERT 


61. The terminology of different parts of the 
electromagnetic spectrum is given in the text. 
Use the formula E = hv (for energy of a quantum 
of radiation: photon) and obtain the photon 
energy in units of eV for different parts of the 
electromagnetic spectrum. In what way are the 
different scales of photon energies that you 
obtain related to the sources of electromagnetic 
radiation? NCERT 


| HINTS AND SOLUTIONS | 


1. (a) The fact that an electric field changing with time 
gives rise to a magnetic field, is the symmetrical 
counterpart and is a consequence of the displacement 
current being a source of a magnetic field. 


2.+ (b) When a wave is reflected from denser medium, then 
the type of wave doesn’t change but only its phase 
changes by 180° or n radian. 


Thus, for the reflected wave 2=- 2 Î = — Î and 
additional phase of n in the incident wave. 
Given, here the incident electromagnetic wave is, 
E= E,icos(kz — wt) 
The reflected electromagnetic wave is given by 
E, = E,(-i) cos{k(-z) - wt + n) ` 
=- Ei cos[—(kz + wt) + 1] 
= E,icos[-(k, + @t) = E,icos(kz + t)] 
3. (a) Intensity or power per unit area of the radiations 


I 05 
l=p = pen ar gi Oi 10° Nm? 


4. (d) The energy in EM waves is divided equally between 
the electric and magnetic fields. 


The total energy per unit volume isu =u, + u,, 
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5. (c) Speed of electromagnetic waves in vacuum = 


6. 


T: 


Io Eo 


(c) Given, energy required to dissociate a carbon 
monoxide molecule into carbon and oxygen atoms 
E=11eV 

We know that, E = Av, where h = 662 X 10°" J-s 


v = frequency 
=> lleV=hv 
11X16x107° 
N 


-19 
= UXLSKIOT f= 28s ki0" He 


662 x10“ 
This frequency radiation belongs to ultraviolet region. 


Electric flux through plates of capacitor, >; F 


where, charge, q= constant (as the capacitor is fully 


charged) Vig +g 
{ 

i L =&,—=E 
Displacement current, I, = £ T ar 


Conduction current, I, = C £ =0 (as voltage becomes 


constant when the capacitor becomes fully charged). 


8. The displacement current through the capacitor is 


Ji 1 
9. Capacitive reactance,X ç = — = —— 


10. 


il. 


12. 


given by 


dq : 
I, =1,=— adi 
d c dt (i) 
Given, g =q, cos 20V 


Differentiating w.r.t. t on both sides, we get 
= = qq(—sin 2nvt)(2nv) 
Putting the value of a in Eq. (i), we get 


I, = 1, =-(q, sin 2nvt) X 2nv = — 2nvq,sin 2nvt 
1 


oC 2c 


1 
Xe “— 
v 
As frequency decreases, Xo increases. As the conduction 


.. 


wI œ —}], 
A 

So, displacement current also decreases because the 
conduction current is equal to the displacement current, 
The displacement current is equal to 0.25 A, as the 
charging current is 0.25 A. 

Direction of electric field E, direction of magnetic field 
B and direction of propagation of wave are mutually 
perpendicular to one another., 

The frequency of electromagnetic wave produced by the 
oscillators is same as that of oscillating charged particle 
about its equilibrium position, i.e. 10° Hz. 


current is inversely proportional to Xe 


13. 


14. 


15. 


16. 


17. 


18. 


19. 
20. 


21. 
22. 


23. 
24. 


25. 
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B are perpendicular to direction of Propagat 
iso, direction of propagation is parallel tọ By 
r + Y-axis and B is along k op 


E and 
light. A i 
Hence, E is along J ° 
+ Z-axis. 


To determine -i of light in vacuum, we use the 


| 0 n ms 
ila, c= == 

formula, Bo Bim 

and B, are maximum electric field 


where, Eo c field component respectively, of 


and magnetic ! 

electromagnetic waves. 

Yes electromagnetic waves carry energy an d 
’ 


momentum. 
Momentum, p = 


Electromagnetic wave carries energy and momentum, 
Since, it has momentum due to this reason it exert 
, 


pressure, called radiation pressure. 
A wave of frequency 5 X 10°” Hz belongs to y-rays of 


: 1 
= and energy density = 75E 2 
c 


electromagnetic spectrum. 
Gammia(y) rays are used in food industry to will 


pathogenic microorganism. Its frequency ranges from 
3x10" Hz to 5 x 10” Hz. 


Speed remains same but wavelength changes. 


Microwaves are generally used in RADAR system and 
aircraft due to the fact that, they have longer 
wavelengths and low frequencies, so they can be 
focused along a straight line without much deviation. 
Also, they do not bend around the corners of the 
abstacles. 

(i) Infrared rays (ii) Microwaves 

In LASIK eye surgery, ultraviolet rays are used because 
of their short wavelength they can be focused into very 
narrow beam. 

(a) Ultraviolet radiation 

(b) Infrared radiation 

Microwave oven heats up the food items containing 
water molecules most efficiently because the frequency 
of microwaves matches the resonant frequency of water 
molecules. 


If an ideal capacitor is charged by DC battery, current 
flows momentarily till capacitor gets fully charged after 
that no current flow, However, when an AC source is 
connected, then conduction current, I, = oa starts 
fae’ dt 

Pie! ee connecting wire. As charging polarity of 
ace auf the capacitor is alternatively : 
in electric fiel Ib bed with time. This causes ne 
causes electri : fl etween plates of the capacitor whic 
displacen ric Hux to change and gives rise to 

aent current in the region between plates of 


Capacit i 
or, as displacement current, I, = Eo “te = 


I, = I, at all instants. 


27. 


28. 


29, 


pleetro™ 


agnetic Waves 


tthe alternating emf charging th 
Charge on the capacitor, (i) 
q= CV= CV, sin wt da [from Eq.(i)] 
instantaneous current, I= —4 = * : 
and inst ent, I rn (CV, sinwt) 
where, I,=aCV, 
| Displacement current, Ij = E ti 
t 
E d F 
| => eA se) = at == =e,at CV, sino t 
dt dt E,A dt E&A 
d : 
= ge" sino t) 
=WCV, cos t 
= [coso t 


Thus, the displacement current inside the capacitor is the 

same as the current charging the capacitor. 

(i) Given that velocity v=v i, ie. the wave is 
propagating along X-axis , so electric field E is along 
Y-axis and magnetic field B is along Z-axis. The 
propagation of electromagnetic wave is shown in the 


figure. 


E B E 

Direction of —— 

propagation 

(ii) Speed of electromagnetic wave can be given as 
E_E 


Z 


where, E, and B, are peak values of E and B or 
instantaneous values of E and B. 
Electric field of an electromagnetic wave is an 
oscillating field which causes force on the charged 
particle. This electric force averaged over an integral 
number of cycles is zero, because its direction changes 
with every half cycle. So, electric field is not responsible 
for radiation pressure. 


F 
Pressure = Force _ F 


Area A 
Force is the rate of change of momentum, 
ie Fs dp 
dt 


E U 
nergy in time dt, U = p-¢ >P = 


c 


A: 

A c-at i U 
I E J = intensity =7 
c 


30. 


31. 


32. 


33. 
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Consider an electromagnetic waves with E be ee 
along Y-axis, B be along Z-axis and propagation 0 wave 
be along X-axis. Then, E x B will indicate the direction 
of propagation of energy flow in electromagnetic wave 
which will be along X-axis. 
Let E=E,sin(wt — kx)j 
B = B,sin(wt — kx) k 
s= -L (ExB) =} E,Bysin*(wt — kelj x k] 
0 Ho 
— FoBo in? (wt — kx)î 
Ho 
The variation of |S| with time £t will be as given in the 
figure below 


p- jxk =i] 


(i)10™ m - 10m = 001A-100A > X-ray. 
It is used in crystallography. 

(ii) 10° m- 107m = 0.1 cm-10 cm > Radio waves. 
It is used in radio communication. 

(a) Infrared waves have frequencies lower than those of 
visible light, vibrate not only the electrons, but also 
the entire atoms or molecules in the structure of the 
surface. 

This vibration increases the internal energy and 
hence the temperature of the structure, which is why 
infrared waves are often called heat waves. 

(b) Electromagnetic wave transports linear momentum as 
it travels through space. If an electromagnetic wave 
transfer a total energy U to a surface in time t, then 
total linear momentum delivered to the surface is 
given as 

U 
fa 


c 

where, c is the speed of electromagnetic wave. 
In the given figure, J, is the displacement current in the 
region between two plates of parallel plate capacitor. 
The magnetic field induction at a point in a region 


between two plates of capacitor at a perpendicular 
distance r from the axis of plates is given by 


pu totla _ Moy 
4tr 2nr 
— Ho do; €d 
= — xe, —= . mg WU E 
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Hof d 2 
= ———(Enr 
2nr dt ) 
— Hobo apt dE _ |o€or dE 
2nr dt 2 dt 
34. Yes, the ammeter will show the momentary deflection. 
This momentary deflection occurs due to the fact that 
the conducting current flows through connecting wires 
during the charging of capacitor. This leads to 
deposition of charge at two plates and hence, varying 
electric field of increasing nature is produced between 
the plates which in turn produces displacement current 
in space between two plates, which maintains the 
continuity with the conduction current. 
I = I; 


ie. Current inside the capacitor = Displacement current. 


where, I = ey E 


35. Refer to text on page 329. 
36. Radiant flux density, 


1 1 
S=— (Ex B)=c’e,(Ex B) |c= 
Ho ii | il 


Suppose electromagnetic waves are propagating along 
X-axis, the electric field vector of electromagnetic waves 
be along Y-axis and magnetic field vector be along 
Z-axis. Therefore, 
E = E, cos (kx — wt) 

and B = B, cos (kx — ot) 
» -HE x B) = (E, x B,) cos? (kx = at) 
Ho Ho 

S =c*e,(E x B)=c?°e,|(E, x Bo)lcos” (kx — wt) 
Average value of the magnitude of radiant flux density 
over complete cycle, 


1 pT 
S,, =¢7€,|E, x Bol 7 J, cos*(kx - wt) dt 


2 1 -T T 2 T 
=c*e,E,B, X—x— | cos “(kx — wt) dt = — 
EE 9B, X 7 [ J, cos*( ) z] 


2 

c? (7 } c E 
=—e,E,| = | == £, E? „c= 

2° ars 20-9 as, € B, 

fx : E | c= : or = 
=— s = o= 

2 c'ho Jho c Ho 
-E 

2H ot 


37. Refer to text on page 330, 


38. (i) Refer to text on page 330. 
(ii) Refer to text on pages 332 and 333. 


39. Refer to text on pages 332 and 333. 


40. (i) y-rays. Its frequency range is from 
3x10” Hz to 3x10” Hz. 


(vo, = Err’) 


| Alone | PHYSICS Cig 
2th 


one layer on top of stratosphere 
most of the harmful ultraviolet rays coming fp h 
sun towards the earth. They include UVA, om 
UVC radiations which can destroy the life ș 


the earth. Hence, this layer is crucial fo 


survival. 
(iii) Momentum transferred = Energy/Speed ofli hit 


(ii) The thin 02 


Ystem 


T huma, 


-E -W L192 


c c 
Thus, the amount of the momentum transferred 
the electromagnetic waves incident on the surface 
very small. 5 

Al. (i) y-rays. Its frequency range is from 
3x10" Hz to3 X10 Hz. 

(ii) Welders wear special glass goggles to protect the eyes 
from ultraviolet rays. 

(iii) Infrared waves are produced by hot bodies, so th 
are called heat waves. They are used in physica} 
therapy,weather forecasting, etc. 

42. (i) Microwaves are suitable for RADAR systems that are 
used in aircraft navigation. These rays are produced 
by special vacuum tubes, namely klystrons, 
magnetrons and gunn diodes. 

(ii) Infrared rays are used to treat muscular strain. These 
rays are produced by hot bodies and molecules, 

(iii) X-rays are used as a diagnostic tool in medicine 
These rays are produced when high energy electrons 
are stopped suddenly on a metal of high atomic 
number. 

43. Refer to text on pages 332 and 333. 

44. Refer to text on pages 332 and 333. 

45. (i) Gamma rays has the highest-frequency in the 
electromagnetic waves. These rays are of the nuclear 
origin and are produced in the disintegration of 
radioactive atomic nuclei and in the decay of certain 
subatomic particles. They are used in the treatment of 
cancer and tumours. 

(ii) Ultraviolet rays lie near the high frequency end of 
visible part of EM spectrum. These rays are used to 
preserve food stuff. The harmful effect from exposul 
to ultraviolet (UV) radiation can be life threatening 
and include premature aging of the skin, suppressie® 
of the immune systems, damage to the eyes and $ 
cancer, 

46. We know that, conduction current I, is equal to the 

displacement current Ej. 

1.e. i L = li =0.15 A 

40 It exists across the capacitor plates. 

- Refer to Example 2 on Pages 329 and 330. 


= by applying a varying potential difference of 5° 
Would produce a displacement current of desire 


[given] 


ovis. 


value. 
48. We know that, | = eA ad 
dt 


where, & = 885 x 197! œ? Nm? 


getromagnetic Waves 


Area. A=1 cm? =10' m? 
dE 


— = 310° Vm 57 
dt 


7 12 
1, = 885 X 10°" X 104 x3x10%= 27 x10° A 


‘ven, radius of plates, r = Z è 
49. Given P r=12cem=12x107? m 
Separation of two circular plates, d =5 cm 
=5Xx10?m 
Current, I =0.15A 
(i) Capacitance of parallel plate capacitor, C = E&A 
d 


where, A is the area of plates. 
c= 8854x 10 ? x 3.14 (12x 1072)? 
5x 10°? 
= 800.68x 107" F 
=8.01x10 F =8.01 pF 
Charge on the plates of the capacitor, q = CV 


dq = cv 
dt dt 
=> I= = E dg _ r| 
dt dt 
dvV_I_ 015 


dt C 801x10” 
= 18.7x 10° V/s 
Thus, the rate of change of potential is187 x 10” V/s. 
(ii) The displacement current is equal to the conduction 


current, i.e. I4 =015 A. 

(iii) Yes, Kirchhoff’s first rule is valid because we take the 
current to be the sum of conduction current and the 
displacement current. 

50. Given, radius of plates, R = 6 cm = 6x107? m 
Capacitance of capacitor, 
C =100pF=100x10" F =10 "F 


Voltage of capacitor, V = 230 V 
Frequency of capacitor, œ = 300 rad/s 
V ms 


— 


(i) The rms value of current, J ms = X 
c 


1 10 


1 EN ae 


"X e a: 
c= oC 300x107 300 


_ 230 x 300 _ 3 x 23 x 1000 x10" 


rms ~~ 1 o 
=69x 107 
=69x 10° °A 
= 6.9 4A 
(i) Yes, the conduction current is equal to displacement 
current. he axis between the 


(iii) Given, the distance of point a D 
plates, r=3cm=3x10 mM 


-2 
Radius of plates, R=6cm=6X sacl 
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The magnetic field at a point between the plates, 


-Hoj [u= 


If I = Ipis maximum value of current, then 
1 = V21 ss 


Hor V2 
B= 2I 
rR 


am X107 x 0.03x V2 x 6.9x 10° 
= an x 0.06x 0.06 
= 1.63x 10 "T 
51. E and B vectors must be in x and y-directions. 
c,_ 3 x 10° 
v 30x10 
52. For 7.5 MHz band, 


=10m 


As we know, A = 


3x 10° 


Wavelength, A, = f= ~=40m 
v 75 X10 
For 12 MHz band, 
x10° 
Wavelength, À, = 2 7 = 25m 
v 12x10 


So, wavelength range is from 25 m to 40 m. 
53. Magnetic field, B = B, sinat 


Given equation, 
B=12X10°sin (1.20 x10’ z — 3.60 x 10°t)T 


On comparing this equation with standard equation, 


we get 
B, =12X107 T 
The average intensity of the beam, 
= = By “Cc 
2h o 
ar (12x10)? x3 x10° 
2 4m x 107 
=> 1, =1.71 W/m? 
54. (i) «Intensity, I= Power of visible light 
ii Area 
X (5/100 
= ORCI) > ) = 04 Wim? 
4n(1) 
100 x (5) 
(ii) I = ————* =4 x10? W/m? 
41(10)° ü 


55. Given, amplitude of the magnetic field part of harmonic 
electromagnetic wave, 


B, = 510 nT = 510x 10° T 


Speed of light in vacuum, ¢ = Eo 
0 
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where, E, is the amplitude of electric field part of the 


wave, 

m 3x10 = — Ën — 
510x107’ 

=> E, =153N/C 


Thus, the amplitude of the electric field part of wave is 


153 N/C. 
56. Given, frequency of oscillation, v = 2 x 10"° Hz 
Speed of wave, c = 3 x 10° m/s 
Electric field amplitude, E,-= 48 V/m 
Gi) Wavelength of wave, 


8 
= e_ 3x a 
v 2x10 
=15x10” m 
(ii) The amplitude of the oscillating magnetic field, 
B, a Fo A eK 1077 
c 3x10 
(iii) The average energy density of electric field, 
1 2 
u, = — EE 
e 4 a 
As, Eo = cB, 
Putting the value of E, in Eq. (i), we get 


1 2 p2 
U, =e By 


1 
Speed of electromagnetic waves, ¢ = TA 


HoEo 
Putting the value of c in Eq. (ii), we get 
MR PN E 21 Bey 
C 4°” Moo 4 Ho . 


(u, is average energy density of magnetic field) 


Thus, the average energy density of the E field equals 


the average energy density of B field. 


57. Given, amplitude of an electromagnetic wave, 
E, =120N/C 


Frequency of wave, v = 50 MHz = 50 x 10° Hz 
(i) Speed of light in vacuum, 


0 


c= 
B, 

B, = Et = 2) =40x107° 
c 3x10 


=400x107° T =400 nT 
Angular frequency of electromagnetic wave, 
© = 20V = 2x 3.14X 50x 10° 
w=3.14x 10° rad/s 


Wave number of electromagnetic wave, 

4 6 

k= — =—, = 1.05 rad/m 
0 


Wavelength of electromagnetic wave, 
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(ii) Expression of electric field, E = Ey sin (kx ~at) 
E =120sin (1.05x —3.14x 10°¢) 
Expression of magnetic field B, 
B= B, sin (kx — wt) 
B=4x 107” sin (1.05x —3.14x 10°t) 
58. (i) The given equation signifies that the electro 
wave is moving along Y-axis and also in 
direction, so it moves in — j-direction. 
(ii) The electric part of electromagnetic wave in vacuum 
E = [3.1 cos {1.8 y +(5.4x 10°t)}] i ' 
Comparing with standard equation, 
E = E, cos (ky + wt), we get 
Angular frequency, ® = 5.4 10° rad/s 


Magneti, 
Negative 


Wave number, k =1.8 rad/m 
The amplitude of the electric field part of the wave, 


E, =3.1 N/C 
9 = 2h 2E 3,491 m 
k 18 
=> A=3.5m 


(iii) Angular frequency, @ = 27V 
w _ 54x 10°x7 


Yo =25 2 == 0.86x 10f Hz 
2m 2X 22 
iv) As, c = — 
(iv) B, 
Amplitude of magnetic field, 
E 3.1 
B, =% = : 
° e 3x10° 
=1.03x 107° T 


(v) Expression for the magnetic field part of wave, 
B= B, cos (ky + wt)k 
B=1.03x 107° cos (1.8 y + 5.4x 10° t) 
59. Given, A,,T = 0.29 cm-K 
0.29 
=——c 


T 
Let us take, A,, =107ć m=107 cm 


> hin 


Required absolute temperature, 
0,29 
T =—— = 2900K 
10 
Let us take, Am =5 x107 cm for visible region. 


Required absolute temperature, 
0.29 


T =—*"_ = 5800 K = 6000 K 
5x 10% 
Hence, v arts il 
» We can find the temperature for other P 


f e 
electromagnetic spectrum in the same way. 5° then ich 
r 


n 
umbers tell us about the temperature ranges !° 


atomic vi . 
ae ¢ vibrations can produce these parts of 
romagnetic waves, 


Electromagnetic Waves 


i) This w 
60. (i) ay avelength (21 cm) Corresponds to the radio 


(ii) This frequency (1057 MHz) als 
radio waves (short sehen corresponds to the 
' (üi) As, T = 2.7K 


Using the formula, AmT =b = 0.29 cm-K 


f; ges 0.11 
m 27 = U; cm 


This wavelength corresponds to the microwaves 
region of the electromagnetic spectrum. 


(iv) This wavelength lies in the visible region of the 
electromagnetic spectrum. 


(v) Energy, E =14.4 keV = 14.4 x10 x1.6x10"" J 
Frequency of wave, 

E _14.4x 1.6x 10°" 

h 66x10” 

= 3.5x 10° Hz 


This frequency lies in the X-ray region of the 
electromagnetic spectrum. 


61. Given, energy of photon, E = hv 
For y-rays 


V= 


Frequency of y-rays, V =3 X 10” Hz 
Energy of y-rays, E = hv = 6.6x 10° x 3x 10” 
= 19.8x 10" J 
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19.8 x 10° 
=> E Te eet 
1.6 x 10 


The source of y-rays is nuclear origin. 
For X-rays 


Frequency of X-rays, V=3 x 10° Hz 


=1.24« 10° eV 


Energy of X-rays, E = hv = 6.6x 10™ x 3x 10” 
=19.8x 10" J 
198 x 10° 
* a ESE 
1.6 x 10 
= 1.24 x 10° eV 


The retardation of high energy electron produces X-rays. 
Similarly, we can find for ultraviolet rays, visible rays, 
infrared rays, microwaves and radio waves. 

They originate by oscillating current. 


Types of radiation Photon energy 


y-Tays 1.24 x 10° eV 
X-rays 1.24 x 10° eV 
Ultraviolet rays 412 eV 

Visible rays 2.475 eV 
Infrared waves 4.125 x 107° eV 
Microwaves 4125 x 10° eV 
Radio waves 


1.24x 10° eV 


SUMMARY 


Displacement Current When a capacitor is charged, then 
electric field is produced due to flow of current inside it. This 
current is called displacement current. It is given by 


a= €a Oz 
dt 


Basic Idea of Displacement Current Ampere's circuital law 
for conduction current during a charging of capacitor was 
found to be inconsistent. Therefore, Maxwell modified 
Ampere’s circuital by introducing displacement current. 
Maxwell's Equations Maxwell's equations are the basic laws 
oj elecincity and magnetism. 
Gauss's Law in Electrostatics The total electric flux through 
any closed surface is always equal to aL times the net charge 
£ 


0 

enclosed by the surface, i.e. f, E-d S = a 

Eq 
Gauss's Law in Magnetostatics The net magnetic flux 
through any closed surface is always zero. 
Faraday's Law of EMI The induced emf produced in a circuit 
is numerically equal to the rate of change of magnetic flux 
through it. 


i _ —dbe 

i.e. f E-dI= ot 
Ampere’s-Maxwell Circuital Law The line integral of the 
magnetic field. along a closed path is equal to uy times the total 
current threading the surface bounded by that closed path, i.e, 


$ B-dl=n(i, + Ig) 


Electromagnetic Waves These waves produced due to 
change in electric field and magnetic field sinusoidally and 
propagates through space such thai the two fields are 
perpendicular to each other and also to the direction of wave 
propagation. 

Source of EM Waves Accelerating charges produces EM 
waves. 

Transverse Nature of EM Waves Since, the electric and 
magnetic fields in an electromagnetic wave are perpendicular 
to each other and also to the direction of wave propagation. 
Hence, electromagnetic waves are transverse in nature. 


Electromagnetic Spectrum The orderly arrangement of EM 
wave in increasing or decreasing order of wavelength of 
frequency is called electromagnetic spectrum. The range 
varies from 107'* m to 10° m, i.e. from yrays to radiowaves. 
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OBJECTIVE Type Questions 


{, Out of the following options which one can be 
used to produce a propagating 
electromagnetic wave? 

(a) A stationary charge 

(b) A charge less particle 

(c) An accelerating charge 

(d) A charge moving at constant velocity 


2, IfEand B represent electric and magnetic field 
vectors of the electromagnetic wave, the 
direction of propagation of electromagnetic 


wave is along NCERT Exemplar 
(a) E (b) B 
(c)BxE (d)ExB 


3. The range of wavelength of the visible light is 
(a) 10 À to 100 A (b) 4000 A to 8000.A 
(c) 8000 Ato 10000 À (d) 10000 Ato 15000 A 

4. Ife, andl, are the electric permittivity and 
magnetic permeability of free space and e and 


are the corresponding quantities in the 
medium, the index of refraction of the medium 


in terms of above parameter is 


1/2 
a 2 Ö (| 
€o H 0 Eo H 0 


1/2 
(9 (e) (d) fan ts] 
ell Eyl 


The ratio of contributions made by ~ ma 
field and magnetic field components to 
intensity of ii EM wave is NCERT Exemplar 
(a) C:] (b) c 2 | 

(c) 1; ] (d) Je 1 


0 147, The wave is 


5. 


` Frequency of wave is 6 X 10' 


(a) radiowave (b) microwave 
(c) X-ray (d) None of these 


. Inthe following waves, which is not 


electromagnetic wave? 
(a) O-rays (b) y-rays 
(c) Infrared rays (d) X-rays 


. The largest wavelength of electromagnetic wave 


is 
(a) X-rays 
(c) ultraviolet rays 


(b) radio waves 
(d) infrared rays 


Directions (Q: Nos. 9-12) In the following 
questions, two statements are given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below. 


(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 


(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 


(c) Assertion is true but Reason is false. 
(d) Assertion is false but Reason is true. 


. Assertion While applying Ampere’s circuital law 
to given surfaces with same perimeter, the left 
hand side fB -dl = jtgi(t) has not changed but the 


right hand side is zero. 


Reason No current passes through the surface. 


. Assertion We needed to do was to set up an AC 


circuit in which the current oscillate at the 
frequency of visible light ie, yellow. 


Reason The above experiment demonstrates 
electromagnetic wave. 


346 


Il. Assertion An oscillating charge produces an 
electric field in space, which produces an 
oscillating magnetic field, which in turn, is a 
source of electric field and so on. 

Reason The oscillating electric and magnetic field 
thus regenerate each other, so to speak, as the 
wave propagates through the space. 


~- Assertion When the sun shines on our hand, we 
feel the energy being absorbed from the 
electromagnetic waves (our hands get warm). 
Reason Electromagnetic waves also transfer 
momentum to our hand but because c is very 
large, the amount of momentum transferred is 
extremely small and we do not feel the pressure. 


Directions (Q.No. 13) This question is case study 
based question. Attempt any 4 sub-parts from this 
question. Each question carries 1 mark. 


3. EM Wave 
Electromagnetic waves are transverse in nature. 
ie, electric and magnetic fields are perpendicular 
to each other and to the direction of wave 
propagation. Electromagnetic waves are not 
deflected by electric and magnetic fields. 


E 


E B 
Direction of propagation——- 
The magnetic field in a plane electromagnetic 
wave is given by 
B, =2x1077 sin(0.5x10° x +1.5x10"P2)T. 
(i) What is the angular frequency of wave? 
(a) 05x10" rad s`’ i 
(b) 15x10"! rad s™ 
(c) 3x10" rad s™ 
(d) 2x107 rad s` 
(ii) What is the wavelength of the wave? 
(a) 12.6 cm (b) 1.26 cm 
(c) 1.26 m (d) 6.12 m 
(iii) What is the frequency of the wave? 
(a) 2.39 GHz (b) 23.9 MHz 
(c) 23.9 GHz (d) 20.3 MHz 
(iv) The maximum value of electric field is 
(a) 6x10” Vm“ 
(b) 6x10? Vm” 
(c) 6x10' Vin“ 
(d) 6Vm~’ 


B 


1 
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(v) Write an expression for the electric ¢ 
(a) Ey =60 sin (05 X10°x+15x 10" yy” 
ia | 
(b) E, = 60sin (05 x 10°x +15 X10! py. 
: 3 m“ 
(c) E; = 60 sin (05 x10 x + 15x10" t) Vo 
(d) E , =60 cos (05 X10°x+15~x 10 4) yp 


VERY SHORT ANSWER Type Questions 


14. Depict the fields diagram of an 
electromagnetic wave propagating along 
positive X-axis with its electric field along 
Y-axis. 

15. Acapacitor is attached to a variable 
frequency of an AC source. What will happen 
to the displacement current with the 
increase in frequency? 

16. To which part of electromagnetic spectrum 
do the waves emitted by radioactive nuclei 
belong? What is its frequency range? 


17. Which part of the electromagnetic spectrum 
is used in radar? Give its frequency range. 


Or How are electromagnetic waves produced by 
accelerating charges? 


18. Write two uses of infrared rays. 


19. Give the ratio of velocity of the two light 
waves of wavelengths 4000A and 8000A 
travelling in vacuum. 


20. Mention one use of part of electromagnetic 
spectrum to which a wavelength of 21cm 
(emitted by hydrogen in interstellar space) 
belongs. 


21. What is common between difference type of 
electromagnetic radiations? 


Z2. A a beam has an intensity of 
4x10" W/m?. What will the amplitude of 
electric field in the beam? 


SHORT ANSWER Type Questions 


23. When a plane electromagnetic wave tra 
in vacuum along y-direction. Write the 
(i) ratio of the magnitudes and tic 
(ii) the direction of its electric and magne 
field vectors. 


yels 


24. 


by 

ao are electromagnetic waves produce” pe 
scillating charges? What is the source 
“nergy associated with the EM waves? 


r romagnetic Waves 


plec 


5 Gamma rays and radiowaves travel with the 
same velocity in free space, Distinguish 
petween them in terms of their origin and the” 
main-application. re 


dio can tune into any station f 
16 Ara b . n irom 5.5 MHz 
10 16 MHz band. What is the cor i 
avelength band? re a 


w 


7. Green light of mercury has a wavelength 
5x10% cm. 
(i) What is the frequency in MHz and period in 
second in vacuum? 


(i) What is the wavelength in glass, if refractive 
index of glass is 1.5? 


18, Name the electromagnetic radiation to which 
waves of Wavelength in the range of 102m 
belong. Give one use of this part of 
electromagnetic spectrum. ` 


B 


frequency 5x 10'°Hz in free space. Give its two 
applications. 


LONG ANSWER Type I Questions 


30. (a) Identify the part of the electromagnetic 
spectrum used in (i) radar and (ii) eye 
surgery. Write their frequency range. 

(b) Prove that the average energy density of the 
oscillating electric field is equal to that of the 
oscillating magnetic field. 


3, (a) We feel the warmth of the sunlight but not 
the pressure on our hands. Explain. 

(b) Which out of wavelength, frequency and 
speed of an electro-magnetic wave does not 
change on passing from one medium to 
another? 

(c) Athin ozone layer in the upper atmosphere 
is crucial for human survival on earth, why? 


2 (a) How are electromagnetic waves produced? 
Depict an electromagnetic wave propagation 
in z-direction with its magnetic field B 
oscillating along x-direction. 
(b) Write two characteristics of electromagnetic 
waves. 


3, Name the constituent radiation of 
electromagnetic spectrum which 
(i) is used in satellite communication. 
(ii) is used for studying crystal structure. 
(ii) is emitted during decay of radioactive 
nuclei. 
Write two more uses of each. 


Find the wavelength of electromagnetic wave of 


34. 


— 


10. 


12. 


13. 
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How are X-rays différent from y-rays? Give a 
detailed description. 

- (0) 2. (d) 3. (b) 4. (b) 5. (c) 
(b) 7. (a) 8. (b) 

. (a) On applying Ampere’s circuital law to such surfaces 


with the same perimeter, we find that the left hand side 
of equation fBal = plit) has not changed but the right 


hand side is zero and not Hi. Since, no current passes 


through the surface. 

(c) We needed to set up an AC circuit in which the 
current oscillate at the frequency of visible light, Le., 
yellow. The frequency of yellow light is about 

6x 10' Hz, while the frequency that we get even with 
modern electronic circuits is hardly about 10'' Hz. This 
is why the experimental demonstration of 
electromagnetic wave had to come in the low frequency 
region (the radio wave region), as in the Hertz’s 
experiment (1887). 


. (a) An oscillating charge produces an electric field in 


space, which produces an oscillating magnetic field, 
which in turn, is a source of electric field. 


(a) When the sun shines on your hand, you feel the 
energy being absorbed from the electromagnetic waves 
(your hands get warm). Electromagnetic waves also 
transfer momentum to your hand but because c is very 
large, the amount of momentum transferred is 
extremely small and you do not feel the pressure. 


(i) (b) Comparing with given equation, we get 
© =15x10' rads” 


(ii) (b) Comparing the given equation with magnetic field 
in a plane 


Le, B, = B, sin [ex (= + 3) 


e 


we get A= z m= 1,26 cm 
0.5X 10° 
(iii) (c) As we know, frequency ie, v= = SEE 
Time taken 
ye ee (15x 10'') 42 
mi T = 23.9 GHz 


(iv) (c) According to Maxwell equation, electric field 
ie, Ey=Byc =2x 107 x 3x 10° ms™! = 6x10! Vm™ 


(v) (c) The electric field component is perpendicular to 
the direction of propagation and the direction of 
magnetic field. Therefore, the electric field 
component along the Z-axis is obtained as 
E, = 60 sin (0.5x 10°x + 1.5x 10't) Vm™ 
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14. An electromagnetic wave propagating along positive 
X-axis with its electric field Y-axis, will have its 
magnetic field along Z-axis, as shown below 


Y 


—— Direction of wave propagation 


15. When frequency of AC source increases, then 
displacement current also increases. 

16. Gamma rays, its frequency range is 3 x 10" Hz to 

5x10” Hz. 
17. Microwaves are used in radar systems of aircraft 
navigation. Its frequency range is 1 GHz to 300 GHz. 
Or . 
Refer to text on page 330. 
(Source of Electromagnetic Waves) 

18. Two uses of infrared rays are 
(i) in weather forecasting. 

(ii) in production of dehydrated fruits. 

19. As, light waves travel in free space or vacuum with the 
speed of light (3 x 10° ms“), irrespective of their 
wavelengths. So, the ratio of velocity of given light 
waves is 1:1], 

20. Given, wavelength, A = 21 cm = 0.21 m 
The range of the wavelength of microwaves is 
approximately 30 cm to 1 mm. Thus, the given 
wavelength emitted by hydrogen interstellar space 
belongs to microwaves. These are used in RADAR 
systems for aircraft navigation. 

2L Speed, in vacuum all types of electromagnetic wave 
travels with same speed, i.e. 3 x10° m/s. 


22. We know that, E= 2 


_ 2x4 x10"! 
poe Ps aS | 
885 x10"? x3 x 408 


= 5489 x 10° N/C 
23. Refer to text on pages 330 and 331. 
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330. 
. Refer to text on page 
= (Source of Electromagnetic Waves) 


25. Refer to text on pages 332 and 333, 
26. Here, v, = 55 MHz = 55 x 10' Hz 


v, =16 MHz =16 x 10°Hz | 


c 3x10 
a= 55x 10° 

= 0545 X10°m =54.5 m 

= ya = SE = 01875 x 10° 
2 v, 16X10 


=18.75 cm 
Hence, corresponding wavelengths of above frequencies 
are 54.5 mand 18.75 m. 


c 3x10? 
27. (i) Frequency of the wave, v= re 2S mis 


510° cm 
3 x 10° m/s ~ 
= SCX Hz 
5X10“ m/s 
: 1 1 -4 
Time period, T = — = ———— = 016 x10 s 
v 6X10" Hz 
(ii) Refractive index, u = — 
8 
x 
=> ye soca ahs 
mM 15 
` v 
Also, v = — 
À 
v 2x10 Š 
=> À=~=——— =033x10%m 
V 6X10 
=33 x10 "m 


28. Refer to text on page 332. 
29. Refer to text on pages 332 and 333. 
30. (a) (i) Microwave - 1 GHz to 300 GHz. 
(ii) Ultraviolet (by LASIK eye surgery) -10'' Hz to 10'° Hz. 


(b) Refer to text on Page 331 [Important Characteristics of 
Electromagnetic 


Waves (vii)] 


31. ‘Refer to text on pages 332 and 333, 
32. Refer to text on page 331, 
33. Refer to text on pages 332 and 333, 


34. Refer to text on page 333, 


Light is a non-mec 
Ue to which weh 
Speed js very high, 


i n), 
‘ b . ro gatio i- 
hanical form of energy (i.e. it requires no medium sth i od its 
ave sensation of vision. Light always travels in a stra 
i d of 3x 10°m/s. 
In vacuum, light travels with a speed o 


RAY OPTICS AND 


OPTICAL INSTRUMENTS 


TOPIC 1| 
Ray Optics 


Alight wave can be considered to travel from one point to another, along a 


staight line joining them. The path is called a ray of light and a bundle of such 


l CHAPTER CHECKLIST 
rays ais i nam of light. The branch of study of light is called Optics. + Ray Optics 
Broadly optics is divided into three groups o, 
, . : i e Refraction 
(i) Geometrical optics (Ray optics) i l 
(i) Wave optics * Refraction at Spherical Surfaces 
(ii) Quantum optics l and Lënšės 


* Prism and Optical Instruments 


GEOMETRICAL OPTICS (RAY OPTICS) 


In this, light is considered as a ray which travels in straight line. Geometrical 
Optics states thar for each and every object, there is an image. It works on 
towing assumptions: 

(i) Rectilinear propagation of light, i.e. light ray travels in straight line, 

i) Laws of reflection, 

fii) Laws of refraction. 


(iv) 


Physical independence of light rays, i.e. two light rays are totally 
independent of each other. 
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Reflection of Light 

Reflection is the phenomenon of change in the path of light 
without any change in the medium. 

The returning back of light in the same medium from 
which it has come after striking a surface is called reflection 


of light. 
Incident ray Normal at ray 
A 


0) p 
The incident ray reflected ray and the normal to 
the reflecting surface lie in the same plane 


Laws of Reflection 
The laws of reflection are as given below s 
(i) The incident ray, the reflected ray and the normal to 
the reflecting surface at the point of incidence, all lie 
in the same plane. 

(ii) The angle of reflection (r) is equal to the angle of 
incidence (i), i.e. í = r. For normal incidence, Zi =0°, 
therefore Zr=0°. Hence, a ray of light falling 
normally on a mirror, retraces its path on reflection. 


| Spherical Mirrors 


Spherical mirror is a mirror whose reflecting surface is a part 
of a hollow sphere. Spherical mirrors are of two types 


Concave Spherical Mirror 


A spherical mirror whose reflecting surface is towards the 
centre of the sphere is called concave spherical mirror. 


Reflecting — <2 ~~~ A 
surface Ft Polished surface 


R Pole P 


eww 
pr ` 


` 
` 


Ta ede * B 
Concave mirror 
Convex Spherical Mirror 


A spherical mirror whose reflecting surface is away from the 
centre of the sphere is called convex spherical mirror. 


R A_--7>>— Polished 
Reflecting DAPR surface 
surface R ‘ 

Pole P 


B*~..--" 


Convex mirror 
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Sign Convention . 
To derive the relevant formulae for reflection by spheric 
mirrors and refraction by spherical lenses (which we wil 
study later in this chapter), we must first adopt a k 
convention for measuring distances. 

Mirror 


Direction of 
incident light 


Heights 


upwards 
positive P(Pole) 
Heights Distances against Æ X-axis 
downwards | incident light 
negative negative Distances along 
incident fight 
positive 


The cartesian sign convention 


According to the cartesian sign convention, 
= (i) All the distances are measured from pole (P) of the 
mirror or the optical centre(O) of the lens. 
(ii) The principal axis of the mirror or lens is taken as 
X-axis and the pole or optical centre as origin. 


(iii) Distances measured in the direction of the incident 
light are taken as positive and opposite to the 
direction of incident light as negative. 


(iv) The heights measured upwards with respect to 
X-axis and normal to the principal axis of the mirror 
or lens are taken as positive and the heights 
measured downwards are taken as negative. 


Focal Length of Spherical Mirrors 


When a parallel beam of light is incident on a concave of 
convex mirror, the reflected rays converge or appear to 
diverge from a point F on principal axis called principal 
focus of the mirror. We assume that the rays are paraxial, 
i.e. they are incident at points close to the pole P of the 
mirror and make small angles with the principal axis. 


(c) 


Focu 
S of a concave and convex mirrors 


-.¢ and Optical Instrum 
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fa) 
al beam of light were incide i 

; nt, maki 
if ee th rincipal axis, the reflected rays would conic 
soo! peat (0 diverge from a point in a plane through F 
of Z iro the principal axis. This is called the focal plane of 


Real Image If rays emanating from a point actually 
converge at another point after reflection/refraction, that 
point is called the real image of the first point. 


| w "iror: Virtual Image If rays emanating from a point do not 
| he l actually meet but appear to diverge from another point, 
Kate relation between Focal Length that point is called the virtual image of the first point. 
uf and radius of Curvature (R) Mirror Formula 
| 
| fs R Mirror formula (or equation) is a relation between focal 
2 length of the mirror and distances of object and image from 
the mirror. 
proof as T aa In principle, we can take any two rays originating from a 
Consider 3 a Peo nee 4 striking the point on an object, trace their ue find their ae of 
mirror at point 217. e perpendicular to the intersection and thus, obtain the image of the point due to 


int M. Let 8 be tl inci ; ; 
mirror at ee á ‘ie one oo and MD reflection at a spherical mirror. However in practice, it is 
be perpenalc I P j convenient to choose any two of the following rays. 
(i) The ray from the point, which is parallel to the 
principal axis after reflection goes through the focus 
of the mirror. 


M 


(ii) The ray passing through the centre of curvature ofa 

concave mirror or appearing to pass through it for a 
. convex mirror simply retraces the path. 

(iii) The ray passing through (or directed towards) the 
focus of the concave mirror or appearing to pass 
through (or directed towards) the focus of a convex 
mirror after reflection is parallel to the principal axis. 

(iv) The ray incident at any angle at the pole is reflected 


following the laws of reflection. 


Geometry of reflection of an incident ray on 
(a) concave spherical mirror and 
(b) convex spherical mirror 


Ten, ZMCP = 
* ZMFP =20 
N 
™ tan § = CD 
bs tan 20 = _ : (i) In the above figure, the ray diagram is considering three 
For small FD rays for image formation by a concave mirror. In the figure, 
bsg 8 (condition true for paraxial rays), triangles A’B’F and NEF are similar. 
~U and tan 20 = 20 gee aad 
Cre Ore, fr a Th AB B _AF 
ee Eq.(i), we get en, av: 
ie _, MD CD ; MEES . 
mD en a EDs (li) As, the aperture of the concave mirror is small and the 
‘ei, fo ve i : points N and P lie very close to each other, then 
dos Š H small 8, we can observe that the point D is very a 
fom p, < Point P, Therefore, FD = f and CD= R. = 
A'B’ AF 


s = Fa 
2 
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Since, all the distances are measured from the pole of the 


concave mirror, we have 


A'F = PA’ — PF 
& pee (i) 
AB PF 
Also, triangles ABP and A‘B’P are similar, then 
a ee ..-(ii) 
AB PA 
From Eqs. &) and (ii), we get 
PA’—PF PA’ Yas 
— = . (ili) 
PF PA 
Applying new Cartesian sign convention, we have 
PA=-u 
[~ distance of object is measured against incident ray] 
PA’=-v 
[~ distance of image is measured against incident ray] 
PF=-— f 


[~ focal length of concave mirror is measured against 
incident ray] 


Substituting these values in Eq. (iii), we have 
sla ae emt. WEN eA a 
-f -u f u P u 
Dividing both sides by v, we get 


The above relation is called mirror formula. 
Relation between u,v and R 


“+ Focal length of the mirror, f = 


1 1 ] ] 1 2 
=> | -+-=— 


Important Points 
(i) An object is always placed in front of a spherical mirror, so 
the distance of the object (u) is always negative. 


(ii) In a spherical mirror, real image is formed in front of the 
- mirror. Therefore, its distance (v) is taken as negative, 


However, virtual image is formed at the back of the mirror. 
So, its distance (v) is taken as positive, as per the new 
Cartesian sign convention. 
(iii) Similarly, focal length of a concave mirror is taken as 
negative, while that of convex mirror is taken as positive, 
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LINEAR MAGNIFICATION 


The ratio of the height of the image (4’) formed 
spherical mirror to the height of the object (4) is called” 3 
linear magnification produced by the spherical mirror, 


It is denoted by 7, i.e. 


In the above figure, triangles ABP and A’B’P are similar, 
A'B’ _PA' 
PA 


AB 
Applying new Cartesian sign conventions, we have 


A'B’=—h’ [e height of image measured downward] 


AB=+h [~ height of object measured upward] 
PA=-4u [~ object distance measured against 
incident ray] 
PA’=-y 


[~ image distance measured against 
incident ray} 
The above equation becomes 


=? 
h =u 
, 
or . oe (i) 
b u 
Lin TE h’ v 
ear magnification, m = — =- £ 
J u 
: , ; f 
The expression for magnification is same for both th 


concave and convex mirrors, 


(i) When m > 1, image formed is enlarged. 


age formed is diminished. 


2 4 ' j tu 2 
ve, image must be erect, i.e. V! 


(ii) When m <l, im 
(iii) When mis Positi 
iv enmi ive, i pat 
(iv) When m is negative, image must be inverted, ie" 


(v) In . ; itive 
TA of concave mirror, m can be either pos" itive 
negative but in i 


. ic POs 
case of convex mirror, 7 !$ P 
only, 


tics and Optical Instruments 


: AMPLE ji] A candle flame is held 3 cm away froma 
ave mirtor of radius of curvature 24 cm. Where is the 
fe formed? What is the nature of the image? 


n, object distance, u = — 3 cm 


sol. Give 
Radius of curvature, R=-24cem 
a eaa 
Se e e 
2 m 
According to mirror formula, 
oe eee | 
anb as + a 
fxv u 
1_ 1 1 1 1 
ss m == = “4 
v f u (1) =3 
1 1 > 
5 2 othe yb. Lt 
v, -12 3 12 
> v=4cm 
i v -4 
+ Magnification, m = - — = = = +1,33 
> u - 


ie. The image formed is virtual, erect and magnified. 


EXAMPLE |2| An object is placed in front of a convex 
ninor of focal length 30 cm. If the image is a quarter of 
the size of the object, find the position of the image. 

Sol. Given, focal length, f =+30cm 


Magnification, m= R y=? 


From mirror’s formula, A, 
m= =e SUS - 
1-1,1 u J 
fav . 
> da 1 
f v v 
X adaw La 
4 30 
30=120-4v 


v= T= 4225m 


A v is positive, therefore a virtual and erect image will 
€ lormed on other side of the object. 


ses of Spherical Mirrors 
i Convex mirror is used as a reflector in street lamps to 
i verge the light over a large area. 
aea is used as rear view mirror (or driver's 
ii) as n vehicles, because it hasa wider field of view. 
head a is used as a reflector in search light, 
(iv) id ko vehicles, etc. 
falne py is also used as face looking mirror 
ms erect and magnified image. 
Pherical mirrors are also used as trick mirrors. 
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TOPIC PRACTICE í | 


OBJECTIVE Type Questions 


Í. The direction of ray of light incident on a 
concave mirror is shown by PQ while directions 
in which the ray would travel after reflection is 
shown by four rays marked 1, 2, 3 and 4 (figure). 
Which of the four rays correctly shows the 
direction of reflected ray? NCERT Exemplar 


(a)1 (b) 2 (c) 3 (d) 4 


2. In reflection over a spherical mirror, ray 
parallel to principal axis, after reflection from 
mirror pass through 
(a) focus 
(c) pole of mirror 


(b) centre of curvature 
(d) any point 


3. A ray passing through or directed towards 
centre of curvature of a spherical mirror is 
reflected such that it trace back ofits path, 
because 
(a) it does not follow law of reflection 
(b) angle of incidence is 0° 
(c) centre of curvature is midway between object and 

pole 
(d) ‘distance of centre of curvature from focus is equal 
to its distance from pole 


4. If lower half of a concave mirror is blackened, 


then 

(a) image distance increases 

(b) image distance decreases 
(c) image intensity increases 
(d) image intensity decreases 


5. An object 2 cm high is placed at a distance of 
16 cm from a concave mirror, which produces a 
real image 3 cm high. What is the focal length 
of the mirror? 
(a) - 9.6 cm 
(c)- 63cm 


(b) - 3.6 cm 
(d) - 83 cm 
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i h lights are parabo; 
: “Mirrors used in searc’ i olie 
VERY SHORT ANSWER Type Questions 16. ae concave spherical”. Explain, why? * 
6. A mirror is turned through 15°. With what angle i7. Ashort object of length L is pl aced along th 
moa aeterna sani i principal axis of a concave mirror away from 
7. A thick plane mirror forms a number of images focus. The object dipanci 4 use ia Mirror A 
of a point source of light. Which image is the a focal length f, what will be the length Of the 
brightest? f image? You may take L <<|v-f|. 
i i NC 
8. Aboy is running towards a plane mirror with a l TRAN NCERT Exempt, 
speed of 2 m/s. With what speed the image of ia The agih of image ts the separation os 
the boy approach him? ` Foreign 2011 | images formed by mirror of the extremities of object 
9. How can the real image of an object be obtained — ; ~ 
with a convex mirror? Delhi2011 LONG ANSWER Type I Questions 
10. The direction of ray of light incident on a 18. (i) A mobile phone lies along a principal , 
concave mirror is shown by PỌ while directions as cio, Heuer ane mae ofa 
in which the ray would travel after reflection is l suitab l mati image, 
pian arah four ae marked as 1, 2, 3'‘and 4 in the Explain, why magnification is not uniform? 
figure? Which of the four rays correctly shows (ii) Suppose the lower half of the concave 
the direction of reflected rays? mirror’s reflecting surface is covered with 


an opaque material. What effect this will 
have on the image of the object? Explain. 


Delhi 2014 


- 19. An object AB is kept in front of a concave 
mirror as shown in the figure. 


11. Give the effect on image, if lower half of 
the concave mirror is blackened. 


SHORT ANSWER Type Questions 
i (i) Complete the ray diagram showing the 
12. A concave mirror of small aperture forms a image formation of the object 
i ? an ` 
ateeperdmiage Why: (ii) How will the position and intensity of the 
13. Choose the statement as wrong or right and Image be affected, if the lower half of the 
justify. mirror’s reflecting surface is painted black! 
(i) Linear magnification of a spherical mirror is All India 201? 
; v Ste 2s 
given by T 20. An infinitely long rod lies along the axis of i 
si l i concave mirror of focal | th f. The near en 
(ii) Focal length of plane mir ; of ; ength f. 
aida i i P FOr ISZero of the rod is at a distance x> f from the mirto! 
iii) -+—=— j ; i 
vu f can be applied to all types of eo will be the length of the image of 
mirror. 1 
e S : . n ; 
14. Use the mirror equation to show that an ied Aaa Spherical mirror formula is applica! 
placed between f and 2f of a concave mirror Plane mirror, 
produces a real image beyond 2 f.  AlliIndia 2015 22. Use the mirror equation to show that 
15. You read a newspaper because of the light that it (i) an object Placed between fand2f ofa 
reflects. Then, why do not you see even a faint poncave mi 


rror produces a real image 
image of yourself in the newspaper? beyond2 f 


rics and Optical Instruments 
pi 


onvex mirror always produces a virtual 


wy aC 
(ii) mage independent of the location of the 


object. 
bject placed between the pole and focus 
concave mirror produces a virtual and 


ii) an ° 
o 
All India 2011 


fa p 
enlarged image. 
(a) praw a ray diagram to show image 
formation when the concave mirror 
roduces a real, inverted and magnified 
jmage of the object. 
obtain the mirror formula and write the 
expression for the linear magnification. 
CBSE 2018 


ONG ANSWER Type II Questions 


ate and derive mirror formula for a concave 


4. St ; ; 
b rror. State the sign convention used. 


mi 


15, Uset 
(i) an object placed between fand 2fof a 
concave mirror produces a real image 


beyond 2f. 

(ii) a convex mirror always produces a virtual 
image independent of the location of the 
object. 

(iii) the virtual image produced by a convex 
mirror is always diminished in size and is 
located between the focus and the pole. 

(iv) an object placed between the pole and focus 
of a concave mirror produces a virtual and 
enlarged image. NCERT 


he mirror equation to deduce that, 


NUMERICAL PROBLEMS 


%6. Asquare wire of side 3 cm is placed 25 cm away 
from a concave mirror of focal length 10 cm. 
What is the area enclosed by the image of the 
wire? Given, the centre of the wire is on the axis 
iin mirror, with its two sides normal to the 

s. 


s, pi image 3 times the size of the object is 
: ained with a concave mirror of radius of 
hoe 36 cm. What is the position of the 

% ject? 

taal tree is to be photographed with a pin 

bin ee It is situated 15 m away from the 

e. How far should the screen be placed 


fro . 
aie pin hole to obtain a 12 cm tall image of 
3 Light 
of wavelength 5000 Å falls on a plane 


teflecti 
ing surface. What are the wavelength and 


30. 


31. 


_— 
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frequency of reflected light? For what angle of 
incidence is the reflected ray normal to the 
incident ray? 


Light incident normally on a plane mirror 
attached to a galvanometer coil retraces 
backwards as shown in the figure. A current in 
the coil produces a deflection of 3.5 of the 
mirror, What is the displacement of the 


reflected spot of light on a screen placed15m 
away? NCERT 


Suppose while sitting in a parked car, you 
notice a Jogger approaching towards you in the 
rear view mirror having R =2m. If the Jogger is 
running at a speed of 5 m/s, how fast is the 
image of Jogger moving, when the Jogger is 

(i) 39m 

(ii) 29m 
(iii) 19m | 
(iv) 9m away ? 


HINTS AND SOLUTIONS | 


. (b) The PQ ray of light passes through focus F and 


incident on the concave mirror, after reflection, should 
become parallel to the principal axis and shown by ray-2 


in the figure. 


. (a) Parallel beam passes through focus after reflection. 


This can be shown in the figure given below. 


A(F) 


. (b) As we know, angle i = 0° and angle r = 0° , when light 


ray is passes through centre of curvature of a spherical 
mirror is reflected such that it trace back its path. 


. (d) If lower half of a concave mirror is blackened, then 


image will be now only half of the object, but taking the 
laws of reflection to be true for :.1! points of the 
remaining part of the mirror, the image will be that of 
the whole object. However, as the area of the reflecting 
surface has been reduced, the ntensity of the image will 


be low i.e., half. 
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- (a) Here, h, = 2cm, u = -16cm h, = -3cm 
{since image is real and inverted) 
: e. 
h u 
=> te ee DK ET oe cm 
h, 2 
Now, Loe See ee 
f vou 24 16 
T E Sear 
48 48 5 


6. The reflected ray turns twice the angle through which 


mirror is turned, i.e. 30°. 

7. A thick plane mirror consist of two surfaces (top and 
bottom), where the reflection takes place. The images 
are formed after reflection from both the surfaces, 
except for the first image. The second image is the 
brightest of all as minimum absorption takes place and 
bounces of the silvery layers which makes the bottom 
surface. 

8. The image of the object in a plane mirror is as far 
behind the mirror as the object is in front of it. 
Therefore, the image of the boy comes near the mirror 
through the distance equal to that moved by the boy 
towards the plane mirror. Hence, the image of the boy 
will approach him with double his speed, i.e. with 4 m/s. 


9. A convex mirror produces a real image of a virtual 
object. Therefore, if a beam of light from a virtual object 
converges to a point behind the convex mirror, then its 
real image will be formed in front of the mirror. 


10. The incident ray PQ passes through the focus, so the 


reflected ray is parallel to the principal axis. So, the 
answer is ray 2. 


IL If the lower half of the concave mirror is blackened, 


then there is no change in the position of image, only 
intensity will get reduced. 


12. The rays of light travelling parallel to the principal axis 


13 


after reflection from a concave mirror meet at a single 
point only, if the beam of light is narrow or if the mirror 
is of small aperture. In case, a wide beam of light falls on 
a concave mirror of large aperture, the rays after 
reflection from the mirror do not come to focus at a 
single point. Therefore, it follows that, if the aperture of 
the concave mirror is small, the image formed will be 


sharper. 


` (i) Wrong, linear magnification of spherical mirror is —”. 
(using sign conventions). r 
(ii) Wrong, as the plane mirror can be considered to be 
the limit of either a concave or convex spherical 
curved mirror as the radius, therefore the focal length 

of plane mirror becomes infinite, 


(iii) Right, but for plane mirror using this formula, focal 
length becomes infinite. 


14. 


16. 


17. 
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rding to the mirror equation, we have 

Lge 
u f 
where, u = distance of the object from the mirror, 
v = distance of the image from the mirror 
and f= focal length of the mirror. 

From the mirror equation, we have 
uf ' 

u- f fi) 
Applying new cartesian sign convention, we get 
f=-ve and u=-—ve 


Given, f <u < 2f 


Acco 


< 


v= 


= v=-ve [from Eq. (i) 
-v 
Magnification is given by m = — (= =—ve 
Hence, the image formed is real. 
From the mirror formula, when u = — 2f. 
=> aes. + 1 = dl 
-2f'v -f 

1 1 1 —i 
> S a AOS. 8 

v f f 2f 


When the object is at f, then image is formed at infinity. 
This shows that when f <u < 2f, then œ >v>2f. 


. We can an image, if it is caused by regular reflection. In 


the case of newspaper, the inhomogeneities of the 
surface cause diffuse reflection. So, the incident parallel 
beam is scattered in all directions, hence no image is 
seen. 


A search light produces an intense parallel beam of 
light. This require a reflector of large aperture. Whena 
source is placed at the focus of large concave mirror 
only the paraxial rays are reflected as parallel beam but 
when a source is placed at the focus of parabolic mirror. 
All the rays are reflected as an intense parallel beam. 
Since, the object distance is u, Let us consider the tv 
ends of the object be at distance u, =u — L/2and 
"a =u + L/2 respectively, so that ju, — u, |= L. Let the 
image of the two ends be formed at v, and v 
respectively, so that the image length would be 
L’= |v, -y | 
, , 2 
Applying mirror formula, we have 
1 1 4 
—~+t-—=— ory= fu 
uoy f u=: fF 
the positions of two images are given by 
v = Llu=bi) , „fura 
For! u-f-L/2 u- f +L? 
e EOT ; 
ngth, substituting these values in Eq. (i), We get 
f’L 
(u- f} -Ph 


On solving, 


td 
Lali suji 
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since. the object is short and kept away 
ye have 


from focus, 


Va<<(u-fy 


ee i 
,, L’= L 
pense Fina a FP 
This is the required expression of length of an image. 

z Q The ray diagram for the formation of the image of the 

1s mobile phone is shown below. The image of the part 
which is on the plane perpendicular to principal axis 
will be on the same plane. It will be of the same size, 
ie. B'C = BC 


(a) Wemay think that the image will now show only half of 
the object, but considering the laws of reflection to be 
true forall points of the remaining part of the mirror, the 
image will be that of the whole object. 


However, as the area of the reflecting surface has been 
reduced, the intensity of the image will be low, i.e. half. 


19. (i) The ray diagram showing the image formation of the 
object. 


a) The Position of image is unaffected but the intensity 
à! image is reduced. 


"Using mirror formula, L= 1.41 


fv u 
ii -f 


cane Ie 
f vu 
or 1 1 41 
= = — tT 
v -f u 

> 
-fu 


357 


. Length of the image = = f 


-f +u 
PAL Shi A 
" =f +u u- f 
21. The spherical mirror formula is given by 
Lime Wer 8 ti) 
uv f j 
For a plane mirror, R = œ 
R 
f=-Ż= 
From Eq. (i), we get 
Lae adcl y=-uų 
u v œ v u 


As, u is negative, v becomes positive. 

Thus, image is formed behind the mirror at the same 
distance as the object is in front of it. This happens in a 
plane mirror and is the desired result. Also, note that 


3 Vv. 
magnification, m =-= is 1. 
u 


22. (i) Refer to Q» 14 on page 354. 
(ii) For convex mirror, f >0 
Also, u<0 
But from mirror equation, 


=e ee oe [taking u with sign] 
f v u v j- 

1 S Ec | 

-= — + 

v fu 


sa 1 
If f andu to be positive, then—>0 = v>0 
Vv 


Hence, virtual image is formed. 


(iii) For concave mirror, 
f <Qu<0, |f|>lu]>0 
But from mirror equation, 
A ONE: =1 1 l 
=> 


fovou fl v lal 
a re 
v ful If] 
1 
> —>— 
Ivi< If ul fi 
> deh v>0 


Image is formed on RHS of mirror, i.e. virtual image. 


1 1 1 
Also, —=—-— 
f Ayl tul 
For concave mirror, f is negative. 
Ai => why => m>1 
Iv] lu] ful 
Enlarged virtual image formed on the other side of 
mirror. 
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23. (a) Concave mirror form real, inverted and magnified 
image of an object when it is placed between Cand F. 
The ray diagram is given as 


(b) In the given figure, the ray diagram considering three 
rays for image formation by a concave mirror. 


Then, — _ => — 


As the aperture of the concave mirror is small, the 
points N and P lie very close to each other. 
NF = PF and NE =AB 


AB PF 


Since, all the distances are measured from the pole of 
the concave mirror, we have 


A’F = PA’ — PF 
A‘B’ _ PA’ — PF 0 
AB PF ot 
Also, triangles ABP and A’B’P are similar, then 
Bede (i) 
AB PA E 
From Eqs. (i) and (ii), we get 
PA’- PF PA’ ai 
— = — ..-(iii) 


PF PA 
Applying new Cartesian sign convention, we have 
PA=-u (~ distance of object is 
measured against incident ray) 
PA’ = =v 
(v distance of image is measured 
against incident ray) 
PF =-f 
(~ focal length of concave mirror 
is measured against incident ray) 
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Substituting these values in Eq. (iii), we get 


-v-(-f)_-y 


The above relation is called mirror formula, 
Linear magnification 

The ratio of the height of the image (h’) formed b : 
spherical mirror to the height of the object (h) is ¢ alled 
the linear magnification produced by the spherical 
mirror. 

It is denoted by m. i 


m=— 


24. Refer tothe text on pages 351 and 352. | 
25. For parts (i), (ii) and (iv), refer to Q. 22 on page 354, 


(iii) For convex mirror, f >0,u <0 


; 1 1 1 
From mirror formula, — = — — — 
v f u 
So, 1 > d è ve f 
v f 
Also, toZ or Ehei 
u u 
i.e, m <i 


Thus, image is always located between pole and focus 
of the mirror and is always diminished in size. 


26. Here, u = -25 cm, f =-10cm 


Using mirror formula, 1 adya 
u v 
1.4 
ae ered 
10 25 v 
= jin oe 
3 


(2 
Now, magnification, n= Z£ =- 3 = =é 
u (-25) 3 


Length and breadth both change in the same proportion 
Area of the object, A, =3x3=9 cm? 


wo 
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Given, magnification, m = + 3, R = -36 cm 
object distance, u =? 


5 v=-3u> v=3x 
Applying mirror formula, we have 


1 2 
See ah ee 8 
uv f R -x 3x -36 
-3+1 1 
zi 3 =— > 3x = 36 
3x 
> x =12cm or u = -12 cm 


Given, h =12m,u =-15m, v=? 
h =12cm= 012 m (symbols have their usual meanings) 


Pow ¥ 

As, h : 
> vsu 

012 


= —-— X-15=015m =15cm 
12 


Thus, the screen should be placed 15 cm from the pin 
hole to obtain a 12 cm tall image of the tree. 
. Given, À = 5000 A=5 x10” m 
Frequency of incident light, 
c 3x10" 


y=—= 


à 5x10” 


= 6x 10“ Hz 


On reflection, there is no change in wavelength or 
frequency. Therefore, A’ =A = 5000 A 
or vy’ =v =6x10" Hz 


[c= 3 x10°m/s] 


For reflected ray to be normal to incident ray, 
i+r=90° = 1+1=90° 
a i 70° = 45° 
80, 
Given, deflection of the mirror, 0 =3.5° 


Distance between screen and mirror, x =1.5 m 


hy know that when mirror turns by angle 9, the 
“lected light may turn by 20. 


20 =2x 3,5° = 7° = In radians 
180 


Again, in AAOS, tan 20 = “> 
SM 


‘ (=) AS d 
an | — | = — = — 
15 15 


Da 


or d =15 tan 5 
180 


For small angle, tan we 
180 180 


d= fied oes 0.18 m 
180 


Here, R= 2m, faf stöta 
2 2 
Using mirror formula, we have 
ee AE 
— 4- = — 
v u f 
1:41 A 
=> —_-=—--— 
v f u 
5 1e 
v fu 
=> v= ye (i) 
u-f 


When Jogger is 39 m away, thenu = —39m 
Using Eq. (i), we get 


„af 1 9) 

of _ -39-1 
39 
or =—m 
40 


As the Jogger is running at a constant speed of 5 m/s, 
after 1 s, the position of the image (v) for 
u=- 3945 

=> u=-34m 
Again, using Eq. (i), we get 
Da 1(-34) 

-34-1 

34 
=> v=—m 

35 

Difference in apparent position of Jogger in 1s 


=> 


1365-1360 1 
cS fT) 
1400 280 


Average speed of Jogger's image = a m/s 


Similarly, for u = — 29 m, -19 m and — 9m, average speed 
1 1 1 
of Jogger image is — m/s, — m/s, — m/s, respectively. 
4°88 150 60 10 ” y 
The speed increases as the Jogger approaches the car. 
This can be experienced by the person in the car. 
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Refraction 


Reflection involves change in path of light without any 
change in the medium, whereas refraction involves 
change in the path of light due to change in the 
medium, 


Incident ray Normal 
' 


Refracted ray 

When a beam of light encounters another transparent 
medium, a part of light gets reflected back into the first 
medium while the rest enters the other. The direction of 
propagation of an obliquely incident ray of light, that 
enters the other medium, changes at the interface of two 
media. This phenomenon is called refraction of light. 


Laws of Refraction 

(i) The incident ray, the refracted ray and the 
normal to the refracting surface (or interface) at 
the point of incidence, all lie in the same plane. 

(ii) The ratio of the sine angle of incidence to the 
sine angle of refraction is constant for the two 
given media. This constant is denoted by “pl, 
and is called the relative refractive index of 
medium $ with respect to medium a. 


sinr 


This law is also called Snell’s law of refraction. 
Refractive Index 


The refractive index or index of refraction p of a 

material is the rario of the speed of light (c) in vacuum to 

the speed of light in the medium (v). 

Mathematically, refractive index is given by the relation 
_ Speed of light in the vacuum _ ¢ 


~ Speed of light in the material =y 


It is also referred as absolute refractive index of the 
substance. 


Refractive Index of Some Substance Media 


Substance medium Refractive index 


Ethyl alcohol 1.362 
water, H,O 1.333 
Air 1.000293 
Oxygen. Oz 1.000271 
Relative refractive index is a measure of how much light bend 


when it travels from one medium to another medium. 


If light travels from optical rarer medium to optical deis 
medium, then it bends towards the normal, Led n On the 
other hand, if light travels from optical denser medium t 
optical rarer medium, then light bends away from the normal, 


ie. i <r. 


Denser 


| Rarer 


The medium in which the speed of light is higher with respect 
to other medium, is said to be optically denser medium. 
Optical density is the ratio of the speed of light in two media. 
Optical density should not be confused with mass density, 
which is mass per unit volume. It is possible that, mass density 
of an optically denser medium may be less than that of an 
optically rarer medium. e.g. Turpentine and water. Mass 
density of turpentine’is less than that of water but its optical 
density is higher. 


Principle of Reversibility of Light 

When a light ray, after suffering any number of reflections and 
refractions, has its final path reversed, it travels back along it 
entire initial path. This is called principle of reversibility 0 
light. In the figure, OA is an incident ray in medium 1 and AB 
is the refracted ray in medium 2. By Snell’s law, the refractive 
index of medium 2 relative to medium 1 is given by 

l sing (i) 


~ 
=e. 


sinr 


where, i and r are the angles of incidence and refraction 
respectively, 


Pale the ray AB is reflected back by a plane mirror. No 
is the incident ray and AO is the refracted ray. 
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Medium 4 


Medium 2 


ingly, ri le of incid ri 
„espondingly r is ang oF incidence and 7 is angle of 
Co qion. Again, by Snell’s law, the refractive rie of 
zed 1 relative to medium 2 is given by 


2y _ sinr 
| sini „+ (ii) 
\uliplying Eqs- (i) and (ii), we get 
1 2 sin sinr 
HX Wy, =—— xX =1 
sinr sini 
los l 
or 7 a ae 
2y, 


Thus, the refractive index of medium 2 relative to medium 
lisequal to the reciprocal of the refractive index of medium 
| relative to medium 2. 


Refraction of Light Through a 


Rectangular Glass Slab 

let ABCD be a rectangular glass slab. A ray of light is 
incident along MN on the face AB of the rectangular slab at 
Zi. It is refracted along NK with £r. 

The refracted ray NK falls on face CD with <i, and 
tmerges out along KZ with 27). 


Apples 
PPlying Snell's law at N, 
H, Xsini; =p, Xsiny 
—— == Hg 
Nin 


sinr, p, 
plying Snell’s law at K, 
a H, Xsinég =H, sin la 
Be _ SNF2 ty we (ii) 


Hg sin fr 


well) 


36] 


According to the principle of reversibility of light, when 
final path of a light ray after suffering a number of 
reflections and refractions is reversed, then the ray retraces 
its entire path. 
Now, imagine a plane mirror P held normal to KL so that 
on reflection from mirror, path KL is reversed. The ray 
would retrace its entire path. For the reversed ray, the 
application of Snell’s law at K gives 

H, Xsinr, =p, X sin fy 


af N (iii) 
H, sing, 
Multiplying Eqs. (ii) and (iii), we get 
na Sey x “ay 
sinr, sind, 
l=fp,X"h, H = 
ee te, 


From Eqs. (i) and (iii), we get 
sinr 


sin? : 
— --(iv) 
sinr, sin? 
As, i, = [alternate angles] 


`S sini, =sin 7 
From Eq. (iv), we get 

sin r, =sini, OF n= 
Hence, the emergent ray KL is parallel to the incident ray 
MN as shown in the figure. We observe that the incident 
ray MN is displaced laterally, on suffering two refractions 
through a glass slab. 


Expression for Lateral Displacement 
Now, from K, draw KL’ L MN produced. 


. Lateral displacement of the ray on passing through the 
parallel slab = KL’. 
Let ZKNL'=5= deviation on first refraction. 


In A NKL’, sin Ô= ua 
NK 
KL'=NKsind ` (v) 
In A NN'K, cos = 
NK 
NK = NN am. 
cosr, cos” 
where, t= NN’ = thickness of glass slab. 
From Eq. (v), we get, -KL’= f sind 
cos” 


tsin(i — 7 
or nits =) ... (vi) 
cos” 
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This is the required expression for lateral displacement (or 
shift), which is obviously proportional to thickness (#) of 
glass slab. Further, lateral displacement (or shift) will 
increase with increasing angle of incidence (4). 


EXAMPLE |1] A ray of light is incident at an angle of 
60° on one face of a rectangular glass slab of thickness 
0.1 m and refractive index 1.5. Calculate the lateral shift 
produced. 
Sol. Given, angle of incidence, i, = 60° 

Thickness of glass slab, t = 0.1m 

Refractive index, p =1.5 
sini, 


Since, - 
siny, 


n = sin” (05773) =35.3° 
tsin(i, — 7) 
cost 
_ 0.1sin(60° — 35.3°) _ 0.1sin 24 7° 
7 cos 35.3° ~ eos 35.3° 
_ 01x 0418 
~ 0816 


~. Lateral shift = 


= 0.0513 m 


Apparent Depth and Normal Shift 


The depth of an object immersed in water appears to be 
lesser than its actual depth. Let O bea point object at an 
actual depth OA below the free surface of water XY. 

A ray of light incident A’ N 
normally on XY, along OA 
passes straight along OAA”. 
Another ray of light from O 
incident at £i on surface XY ppparent| | 
along OB deviates away from depth | 
normal. It is refracted ar Zr 
along BC. On producing 
backwards BC meets OA at 
O’. Therefore, O’ is virtual image of O. 


Apparent depth = AO’ 


Real depth O 


Real depth = OA 
Clearly, AQ’ <OA 
Now, ZBOA = ZOBN ‘=i [alternate angles} 
ZAO'B = ZCBN =r [corresponding angles] 
In AOAB, sins = 2a 
OB 
In AO’AB, sin r = az 


OB 
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ght ray is travelling from denser medium to si 


As, li 
medium. 
„ sir 
HeT sini 
a AB Meel _ OB 
j Mw =B AB OB 
B is close to A (as angles are very small). So, OA = OB wi 
, =O'B 
ae , OA Real depth 


H w ZOYA = Apparent depth 


If x is the real depth of water surface and “p, is the 
refractive index of water with respect to air, then the 
normal shift (4 ) in position of point object is given by 


d = Real depth — Apparent depth 


d=- 


‘Hu 
al depth 
E apparent depth = tat a PaA 
Hw “ie 


EXAMPLE |2| Velocity of light in glass is 2x10° m/s 
and that in air is 3x 10° m/s. By how much would an ink 
dot appear to be raised, when covered by a glass plate 6 cm 
thick? : 
Sol. Given, velocity of light in glass, v = 2x10% m/s 
Velocity of light in air, c = 310° m/s 
. Refractive index of glass with respect to air, 
8 
ee 3x10 2i 
v 2x10" 
. Normal shift in the position of ink dot, 


[e t=6 cm) 


Effect of Atmospheric Refraction at 
Sunrise and Sunset 


The density amor around dea ite 

The refraction ah it has layers of different densi of 

atixoetheite | ight due to variation in optical density 
c layers is called atmospheric refraction. 
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P fraction of sunlight from atmosphere, the sun is 
py ca little before the actual sunrise and a little after the 


val unset 
Apparent position 
ot tne sun 
Ps =. — Horizon “C 
er . 
7 “= 
» : F 
\ 


aa ste 


Atmosphere 
Advance sunrise and delayed sunset due to 
i atmospheric refraction 


» refractive index of air with respect to vacuum is 
100029. Due to this, the apparent shift in the direction of 
je sun is about half a degree and the corresponding time 
diference between actual sunset and apparent sunset is about 
1 min. The apparent flattening (oval shape) of the sun at 
aynset and sunrise is also due to atmospheric refraction. 


Critical Angle 


Critical angle for a pair of given media in contact can be 


"defined as, “the angle of incidence in denser medium for 


which’ angle of refraction in rarer medium is 90°”. The 
vaue of critical angle depends on the nature of two media 
in contact. 


H2 
Denser 


From Snell’s law, W, Xsiné, = p; xsin 90° 


Ho sing 
bn Sole Leini [-.* sin 90° = 1] 
H, sin 90° Ha f 
or h l l l 
Hi sinj, Ba sini, 


Critical Angle of Some Transparent Media 


S 
pance medium | Refractive index | Critical angle 
c ad eae 48.75° 
te vii | 152 41.14 
i lintglass =| 4,62 37.31" 
K = 24.41° 
AMp 
| Ma dasg LE I3|Ifa ray of light travelling in air is incident 


igh eee with an angle of incidence 40°, it deviates 
fate, e” determine the critical angle for a glass-air 


363 


Sol. Given, angle of incidence, i= 40° 


| 


Angle of deviation, 6 = 15° 
Since, ray deviates towards the normal, therefore 
. r=i-§=40° -15 = 29 
As we know that, 


„ini i 
sinr. sini, 
> sini, = sinr _, sina. _ 04226 
sini sin4 0.6428 


= sini, =0.6574 
i, = sin” (0.6574) =41.1° 


> i,=411 


TOTAL INTERNAL 
REFLECTION (TIR) 


When a ray of light travelling from denser medium to rarer 
medium, is incident at the interface of two media at an 
angle greater than the critical angle for the two media, the 
ray is totally reflected back to denser medium, this 
phenomena is called Total Internal Reflection (TIR). 


Water-air 
D Os interface 


Totally 
Dense’ reflected ray 
medium 
(water) 
A ç 'eflected rays 


Refraction and internal reflection of rays from a point Ain 
the denser medium (water) incident at different angles at 
the interface with a rarer medium (air) 


Necessary conditions for total internal reflection to take 
place are as follows i 
(i) The ray incident on the interface of two media 
should travel in the denser medium. 
(ii) The angle of incidence should be greater than critical 
angle for the two media. 


TOPIC PRACTICE 2 | 


OBJECTIVE Type Questions 


1. Which of the following quantity remains 
unchanged after refraction? 
(a) Speed of light (b) Intensity of light 
(c) Wavelength of light (d) Frequency of light 
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Aray of light strikes an air-glass interface at an 
angle of incidence (i = 60°) and gets refracted at 
an angle of refraction r. On increasing the angle 
of incidence (i > 60°), the angle of refraction r 
(a) decreases (b) remains same 

(c) is equal to 60° 


Aray of light strikes a transparent rectangular 
slab of refractive index V2 at an angle of 
incidence of 45°. The angle between the reflected 
and refracted ray is 

(a) 75° (b) 90° (c) 105° 
Speed of light in air is 3.0x10°m/s. Speed of light 
in the glass of refractive index 1.5 will be 

(a) 1.5x10°m/s (b) 2.0x10° m/s 

(c) 1.8 x10° m/s (d) 2.5x10° m/s 


`” (d) increases 


(d) 120° 


The refractive indices of water and glass with 
respect to air are 4/3 and 5/3, respectively. The 
refractive index of glass with respect to water will 
be 

(a)1/3 (b) 4 
If the value of critical angle is 30° for total 
internal reflection from any medium to vacuum, 
then speed of light in that medium 

(a)3x10° m/s (b) 1.5x10*° m/s 

(c)6x10° m/s (d) 4.5x10° m/s 


If in denser medium, incidence angle is equal to 


(c) 5/4 (d) 20/9 


critical angle, then refraction angle will be 
(a) 0° (b) 45° 

(c) 90° (d) 180° 

The ratio eben is equal to 


apparent depth 


(a) refractive index of denser medium with respect to. 


air 
(b) refractive index of denser medium with respect to 
rare medium 
(c) refractive index of rare medium with respect to air 
(d) refractive index of rare medium with respect to 
denser medium 


The phenomena involved in the reflection of 
radiowaves by ionosphere is similar to 
NCERT Exemplar 
(a) reflection of light by a plane mirror 
(b) total internal reflection of light in air during a 
mirage 
(c) dispersion of light by water molecules during the 
formation of a rainbow 
(d) scattering of light by the particles of air 


20. 


21. Choose the statem 
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VERY SHORT ANSWER Type Questions 


atic light travels from one 
avelength changes 
me. Explain. Delhi 201 


10, When monochrom t 
medium to another, its W 


but frequency remains sa 
f angle of incidence tp, . 
For the same value O the 
1. angles of refraction In three media A, B ange 
are 15°, 25° and 35’, respectively. In which 


medium would the velocity of light be 


minimum? All India 29) 


of light strikes on air-glass interface a 
= pe of incidence (< i = 60°) and gets 
refracted at an angle of refraction (< r). What 
will happen to the angle of refraction on 
increasing the angle of incidence? 


Why does a crack in a glass window pane 
appear silvery? 


14. The refractive index of diamond is much 
higher than that of glass. How does a diamond 
cutter make use of this fact? All India 201) 


13. 


15. Why prisms are used in many optical 
instruments? 


16. Which of the two main parts of an optical 
fibre has a higher value of refractive index? 


SHORT ANSWER Type Questions 


17. When monochromatic light travels froma 
rarer to a denser medium, explain the 
following, giving reasons. 

(i) Is the frequency of reflected and refracted 
light same as the frequency of incident 
light? 

(ii) Does the decrease in speed imply a 


reduction in the energy carried by light 
wave? Delhi 2013 


18. Mention any two situations in which Snell's 
law of refraction fails. 


19, Aray of light is incident at a glass-water 
Interface at an angle of i, it emerges finally 


parallel to the surface water, then what will be 
the value of? 


in ar 
. oval in shape? 8 in the sky appe 


justify, ent as wrong or right and 
(i) Snell's law ig v 


surface. erified for all types of 


optics and Optical Instruments 

pay 

(i) Total internal reflection on} 
when light travels from rar 
medium. 


y takes place, 
er to denser 


(i) Write the necessary conditions for the 
1h phenomenon of total internal reflection to 
occur. 
(i) Write the relation between refractive index 
and critical angle for a given pair of optical 
media. ' Delhi2013 


3 The figure shows a ray of A 

" jght falling normally on the 
face AB of an equilateral 
glass prism having 
refractive index 3/2, placed 
in water of refractive index 
4/3. Will this ray suffer total 
internal reflection on striking the face AC? 
Justify your answer. CBSE 2018 


C 


LONG ANSWER Type I Questions 


14, Define the following with required formula. 
(i) Apparent depth 
(ii) Lateral displacement (or shift) 
(iii) Critical angle 


15. Abeaker contains water upto height h, and 


kerosene of height h, above water surface, so 
that the total height of (water + kerosene) is 

h, + hy. Refractive index of water isu, and that 
of kerosene is p,. What will be the apparent 
shift in position of the bottom of the beaker as 
viewed from above? 


Three light rays, red (R), A 
green (G) and blue (B) are B 
incident on a right angled G 
Prism ABC at face AB. The 
refractive indices of the 
Material of the prism for 

red, green and blue wavelengths are 1.39, 1.44 
and 1.47, respectively. Out of the three, which 
colour of ray will emerge out of face AC? 

| i your answer. Trace the path of these 
y YS after Passing through face AB. 


Sow 
i i W that for a material with refractive 
aa he y2, light incident at any angle shall be 
fan along a length perpendicular to the 

‘dent face, NCERT Exemplar 


uy Th 
fe immiscible liquids of densities d,>d. > d3 
refractive indices u> H> Hg are put in a 


B Ac 


365 


ah 
beaker, The height of each liquid column is 3 


A dot is made at a bottom of the beaker. For 
near normal vision, find the apparent depth of 
the dot. NCERT Exemplar 


Hints: The image formed by first medium acts as an 
object for second medium. 


LONG ANSWER Type II Question 


29. - 


Explain the phenomenon of total internal 
reflection: Describe how TIR takes place in 
optical fibre. State any two uses of it. 


NUMERICAL PROBLEMS 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


What is the ratio of the velocities of two light 
waves travelling in vacuum and having 
wavelengths 4000 A and 8000 A? 


What is the critical angle for a material of 
refractive index V2? 


Determine the lateral displacement of the ray of 
light passing through a 15 cm thick glass slab 
with opposite sides parallel, if the angle of 
incidence of the ray is 60°. Given, n = 1.5. 


Aray of light is incident at an angle of 45° on 
one face of a rectangular glass slab of thickness 
10 cm and refractive index 1.5. Calculate the 
lateral shift produced. 


What is the apparent position of ah object 
below a rectangular block of glass 6 cm thick, if 
a layer of water 4 cm thick is on the top of the 
glass? Given, n,, = 1.5 andn,,.= 133. 


Aray PQ incident normally on 
the refracting face BA is 
refracted in the prism BAC 
made of material of refractive 
index 1.5. Complete the path of 
ray through the prism. From 
which face will the ray 
emerge? Justify your answer. 


All India 2016 


Atank is filled with water to a height of 12.5 cm. 
The apparent depth of a needle lying at the 
bottom of the tank is measured by a microscope 
to be 9.4 cm. What is the refractive index of 
water? If water is replaced by a liquid of 
refractive index 1.63 upto the same height, by 
what distance would the microscope have to be 
moved to focus on the needle again? NCERT 
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37. Acontainer is filled 


L 
2. 


4. 


5. 


. (c) Given, 


Mirror 


with water (u =1.33) 
upto a height of 33.25 
cm. A concave mirror 
is placed 15 cm above 
the water level and the 
image of an object 
placed at the bottom is 
formed 25 cm below 
the water level. What 
will be the focal length?] 


| HINTS AND SOLUTIONS | 


(d) Refraction does not change the frequency. of light. 


(d) From Snell's law of refraction, 
u, = = = constant ...(i) 
sinr 


Since, angle of incidence increase, the angle of 


: . { sini), 
refraction has to increase. So, that the ratio | —— |1s a 
sinr 


constant according to Eq. (i). 
i=45° 


Incident ray Reflected ray’ 


9 (tg = Y2) 


Refracted ray 


à sini _ Hg: 
From Snell’s law, —— =" 
sin r^ p 


sings? V2.. Tin al 1 5 
= — = —, a ES = sin T 


sinr 1l 
From diagram, r+0 +r =180° 
i +0 +30 =180° 
45 +0 +30 =180° 

8 =180° — 75° =105° 
Hence, the angle between reflected and refracted ray is 
105°. 
(b) Refractive index of glass 
z Speed of light in air (3x 10°) 
~ Speed of light in glass (x) 


8 
= go = 2x10° m/s 
1.5 
4 d 5 
(c) Given, an, = 5+ als =" 
s al, X wng = aly 
z 4 34 4 


6. 


10. 


1l. 


12. 


13. 


14. 
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(b) From Snell’s law, 
vi 


sinC = h = 
V2 


where, C = critical angle = 30° 
, are speed of light in medium and vacuum, 


v and v 
respectively. 
We know that, v, =3 X 10° m/s 
Vv 
< sin30° =—, 
3x10 


1 . 
=> v= 3 X10°X = v,=1.5x10° m/s 


(c) If incidence angle, = critical angle C, then refraction 


angle, r= 90°. 


(b) As we know, refractive index of denser medium 


Real depth 


w.r.t. rare medium = 
Apparent depth 


(b) The phenomenon involved in the reflection of 
radiowaves by ionosphere is similar to total internal 
reflection of light in air during a mirage i.e., angle of 
incidence is greater than critical angle. 
Because refractive index for a given pair of media 
depends on the ratio of wavelengths and velocity of 
light in two media but not on frequency. So, frequency 
remains constant during refraction of light. 

sini € 


From Snell's law, y = —— = — 


sinr v 
= v œ siny, for given value of i. 
Smaller the angle of refraction, smaller the velocity of 
light in medium. 
Velocity of light is minimum in medium A as the angle of 
refraction is minimum, i.e. 15°. 

j sini 

From Snell’s law, 1 = — = constant 

sinr 
Since, angle of incidence increases, the angle of 
refraction has to increase, so that the ratio remains 
constant. 


Whenever rays of light travels through glass, they strike 
the glass-air interface at an angle greater than critical 
angle of glass. They are totally reflected, hence crack 
appears silvery. 

The refractive index of 
diamond is much higher 
than that of glass. Due to 
high refractive index, the 
critical angle for 
diamond-air interface is 
low. The diamond is cut 
Suitably, so that the light 
entering the diamond from 
any face suffers multiple total internal reflections £ 


various surfaces, This ci i È 
diamonds, his gives sparkling effect to th 


t the 


optics and Optical Instruments 


ai 


ence, prisms can bend the light rays by 90° and 180° by 
j. a internal reflection, so they are used in many optical 
jpstruments: , 
qhere are two main parts of the optical fibre 
I i (i core 
e refractive index of core is greater than that of 
adding such that TIR can occurs. 
c 


, The frequency of reflected and refracted light remains 
fi. same as that of incident light because frequency only 
depends on the source of light. i 
since, the frequency remains same, hence there is no 
reduction in energy. 
snell’s law of refraction fails in two situations 
f ) When TIR (total internal reflection) takes place at 
angle greater than the critical angle. 
(ii) When light is incident normally on a surface, as i = 0, 
|, 70. ; 
19. For glass-water interface, applying Snell’s law, . 


(i 


18 


sin i i „sinr ar 
oe ad >u, = fe) --(i) 
sinr H sin t 
For water-air interface, 
sinr 1 k 1 i 
— =— > sinr=— (ii) 
sin 90° Hy Hy 
From Eqs. (i) and (ii), we get 
1 
Hye X — 1 
ty =—— >, = — 
sin i sin! 


iS due to the refraction of sunlight as it travels 

ugh the earth’s atmosphere. Refraction of light by 
FA S can make the sun appear flattened or 
upward - Objects closer to the horizon are raised 
More i ost and the lower limb of the sun is raised 
u, R the top making it appear oval. 
fi) Refer : text on pages 360 and 361. 

© text on page 363. 


(i) R 
as efer to text on page 363, 


Ven, r s e 
efractive index of water, Hy =4/3 


tra iva? m 
Clive index of glass prism, p, = 
2 


25. ..Apparent depth, d = d, +d, = f A 
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For total internal reflection occurrence the incident 
angle must be greater than critical angle. 


<. Let us calculate critical angle C. 


As we know that, sinC = i 
u 


refractive index of glass («Hg) 
where, u= =Á —- 
refractive index of water (,1,,.) 

1 1 1 


sin = 1 te — 
ably 5 9/8 
i allw N 4/3 
or sin =$- 088 >C =61.6 
[As sin60° = B= 0.86] 


As the critical angle, i.e, 61.6° is greater than the angle of 
incidence, i.e. 60°, hence TIR will not occurs. 


24. (i) Refer to text on page 362. 


(ii) Refer to text on page 361. 
(iii) Refer to text on page 363. 


1 
By h f: ih 


Ito Kerosene | ho 


hy 


26. By geometry, angle of incidence (i) at face AC for all 


three rays is 45°. Light suffers total internal reflection 
for which this angle of incidence is greater than critical 
angle, 
i>i 
1 
. < . 
sin 45° sin i, 


|. = sin i>sin i, or sin 45° > sin i, 


=> 


=> V2<it 


Total internal reflection takes place on AC for rays with 
> J2 =1414, i.e. green and blue colour suffer total 


internal reflection, whereas red undergoes refraction. ‘ 


A 
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27. Any ray entering at an angle i shall be guided along AC, 


29. 
30. 


if the ray makes an angle o with the face AC greater 
than the critical angle as per the principle of total 
internal reflection, ¢ + r = 90°, therefore sin = cos r. 


=> din oz Ves ppt 
u p 


- 1- cos? r 


1 A 1 
orl—cos*r<1-—> => strei- | . 3 
u =sin r 


or sin? i<p? -1 
When i = > then we have smallest angle >. 


If the angle is greater than the critical angle, then all 
other angles of incidence shall be more than the critical 


angle. 


Thus, 1<p?-1 or p?’ 22 
= pe V2 
This is the required result. 
Let the apparent depth be O, for the object seen from 
m,, then O, = me | 


Since, apparent depth = real depth/refractive index (p). 
Since, the image formed by medium 1 acts as an object 
for medium 2.If seen from f}, the apparent depth is O,. 


Similarly, the image formed by medium 2 acts as an 
object for medium 3. 


0, = #2 (2+0,} 
By AB 


= Ha (2 tat) Hf is 4 Ha) 
H2 (3 143) 3\42 p 


As, seen from outside, the apparent height is 


O, =i (2+0,] -HiHi sts) 
H3\3 Hs[3  3\H, My 


“(J 1 -) 
=-|—+— +> 
3\ Hy Hz H; 


This is the required expression of apparent depth. 
Refer to text on pages 363. 
Since, light travels in vacuum with a constant velocity, 
ie. 3X10°m/s, hence ratio of velocities of all 
wavelengths remains same. 

1 


31. We know that, u = — 


sinC 


32. 


33. 


34. 


35. 


36. 
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1 1 
C =45° 
tsin(i -n ) 


Using lateral shift, d = ar 


Refer to Example 1 on page 362. 
Given, i, = 45°, ¢ =10cm = 01m,p =15 


Lateral shift =? Het , 
sın 4 z sin45° 
e ee 


> sini G sinn = 
I RAA 1 
By Snell’s law, H ae M T 
, 0.707 i sin4s?=1//9 
=> sin 5 =—— 
15 V2 =. 
=> sinh = 0.4713 l 
aN 7, =sin™ (04713) => ¥ = 2812 
„tsin (i, -)_ 01 sin (45° — 2812 )- 
enh cos ñ cos 2812° 
i ° 01X 0.2904 
X 0.1 sin16.88 = = 0033m 
cos 2812° 0.8819 
real depth / thickness of object 
Here, = 
apparent depth 


Now, due to refraction at two different boundaries, the 


apparent depth of object is 
apparent depth = eiaeia BL Elaps , thickness of water 


Hwater 


Hotass 
6 4 
=—+— =3+4=7cm 
15 


Given, refractive index of the 
material of the prism, u =1.5 


Critical angle for the material, 


From the ray diagram, it is clear 
that angle of incidence i = 30°< C. 
Therefore, the ray incident at the face AC will not suffer 
romal internal reflectiori and merges out through this 
ace, 
Case! When tank is filled with the water. 
Given, the apparent depth = 9.4 cm 
Height of water, t = 12.5 cm 
So, real depth = 125 cm 
Refractive index of water, 
ie Real depth 

Apparent depth 94 a 

ripe a tank is filled with the liquid. 
€ index of liquid, H; =1.63 


tics and Optical Instrume 
d - 369 


W 
, _ Real depth 
again, Hi Apparent depth Distance of image from the mirror 
s= 12.5 =15+42x3 
2 * i 
Apparent depth 
ie = 33.75 cm 
t depth =~ =7.67 cm i EE. 
Apparen 1.63 Using mirror formula, — + — = F 
al v u 
., The microscope is shifted by 9.4 - 7.67 = 1.73 cm. 1 1 1 
; bject fi i ri T3375 3993 f 
y. pistance of object E Se -3375 3993 f 


TOPIC 3| 
refraction at Spherical Surfaces 
snd Lenses 


REFRACTION AT T 
\ SPHERICAL SURFACE so, wom = 


A refracting surface which forms a part of a sphere of . ZNCM _ MN’ 
transparent refracting material is called a spherical MC 
refracting surface. 
ed ZNI _ MN. 
MI 
For ANOC, i is the exterior angle. 
‘ a .NOM ih NOM soto ..-(i) 
OM MC 


For ANIC, Z NCM is the exterior angle. 
ZNCM =r+ ZNIM 


Refraction at a spherical surface or r=ZNCM -ZNIM 
ame figure, the geometry of formation of image J of an th bes MN p MN Mes 
w O and the principal axis of a spherical surface with MC MI 
te of curvature C and radius of curvature R. By Snell’s law, n sin ¿=n,sinr - 
Assumnt: For small angles, ni = nmr 
(i) ae tions Substituting the values of i and r from Eqs. (i) and 
a, aperture of the surface is small as compared to (ii), we get 
i ea Ae aed ind i (2 g mN) ; (ue ui) 
ill be taken to be nearly equal to the length o awe Url oe. 
€ perpendicular from the point N on the principal OM MC MC M 
axis, n o m moar (ii) 
or — -———— a m eee 
oo =, snc = OMO 
? MC Applying new Cartesian sign conventions, 
tan Nyy = MN - ; OM=-u, MI=+v 
MI MC =+R 


For small angles, tan @ =sin@ =0 Substituting these values in Eq. (iii), we get 
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na a ni 
v u R 
This equation holds for any curved spherical surface. 


EXAMPLE |1] Light from a point source in air falls on a 
spherical glass surface (n =1.5 and radius of curvature 
= 20 cm). The distance of the light source from the glass 
surface is 100 cm. At what position the image is formed? 
SoL Given, object distance, u = -100cm, 
R=+20cm, n =1, n, =1.5, image distance, v =? 


We know that, 2 -—™ = ™=™% 
v u R 
1.5 1 1.5-1 
=> —+— = i 
v 100 20 
1.5 0.5 1 
= eR hl 
v 20 100 
_25-1_ 15 
100 100 
v=+100cm 


Thus, the image is formed at a distance of 100 cm from 
the glass surface in the direction of incident light. 


Cartesian Sign Convention 
for Spherical Surfaces 
(i) The principal axis of the spherical surface is taken as 
X-axis and the optical centre as origin. Here, the 
principal axis is the diameter extended. 


(ii) The direction of the incident light is taken as the 
positive direction of X-axis and opposite to it is 
taken as negative. 


(iii) The upward direction is taken as positive and the 
downward direction as negative. 


LENS 


Lens is a transparent medium bounded by two surfaces of 
which one or both surfaces are spherical. 


Lenses are of two types 
(i) Convex or converging lens ` 
(ii) Concave or diverging lens 


Convex or Converging Lens 


A lens which is thicker at the centre and thinner at its ends 
is called convex lens. Convex lenses are of three types as 
shown below. 
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onvex (b) Plano-convex (c) Concavo-conye, 


ble c 
(a) Dou lens lens 


lens 


i converging lens becayjen ; 

convex lens is also known as because 4 

ee a parallel beam of light rays passing through it. 
A double convex lens is simply called convex lens. 


Concave or Diverging Lens 


A lens which is thinner at the centre and thicker at its ends 
is called a concave lens. Concave lenses are of three 


as shown below. 


(a) Double concave (b) Plano-concave (c) Convexo-concave 
lens lens lens 


Note A concave lens is also known as diverging lens because it 
diverges a parallel beam of light rays passing through it. A double 
concave lens is simply called concave lens. 


Converging and Diverging 
Action of Lenses 


As convex lens converges all the light rays, coming parallel 
to its principal axis at a point, it is also called converging 
lens. Concave lens diverges all the light rays coming 


pee to its principal axis. So, it is also called diverging ` 
ens. 


Converging lens 


hes Pn aa diverging action of lens can be 
an a by Considering a lens made up of large number 
nt small angle prisms. In a convex lens, the base 0 


prism is ¢ inci i 
cen sh Principal axis and in concave lens; pe 
way from the principal axis 


Diverging lens 


‘.¢ and Optical Inst 
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pefinitions Related to Lenses 


gon , (vi) Aperture The effective diameter of the circular 
: rical centre The optical centre is a 


outline of a spherical lens is called its aperture. 


i i : point lyi 
| (i) he principal axis of the lens, Sige ng on (vii) Refractive axis It is an imaginary axis at the optical 
incident rays Pass without any deviation in the path centre perpendicular to the principal axis which 
je the centre point of a lens is known as its optical represents the lens. 
centre. 
\ 
\ 
A 
(a) Real path of ray (b) Path of ray as shown with 


Optical reference to refractive axis 


centre Note When the object is at infinity, the distance of image from the 


lens will ef e len 
al Centre of curvature The centres af sie. Gee will be equal to the focal length of the lens 


imaginary spheres of which the lens is a part, are den 
called centres of curvature of the lens. A lens has two Image Formation in Lenses 


centres of curvature with respect to its two curved Using Ray Diagr ams 

surfaces. We can represent image formation in lenses using ray 
fi Radii of curvature The radii of the two imaginary diagrams. For drawing ray diagrams in lenses like spherical 

spheres of which the lens is a part are called radii of mirrors, we consider any two of the following rays. 

curvature of the lens. A lens has two radii of (i) Rays which afé>parallel to the principal axis after 


curvature. These may or may not be equal. refraction, will pass through principal focus in case 
(x) Principal axis The imaginary line joining the two of convex lens and will appear to be coming from 
centres of curvature is called principal axis of lens. principal focus in case of concave lens. 


Principal axis also passes through the optical centre. 

(i) Principal focus Lens has two principal foci. 

(a) First principal focus It is a point on the principal 
axis of lens, the rays starting from this point in 
convex lens or rays directed to this point in concave 
lens become parallel to principal axis after refraction. 


(ii) Rays passing through or directed to the focus will 
emerge parallel to the principal axis. 


Fy 


ji we i ; i 
(iii) Rays directed to optical centre will emerge out 


() Second principal focus It is a point on the principal undeviated. 
ats at which the rays coming parallel to the principal 
axis converge (convex lens) or passing through it 
pear to diverge (concave lens) at this point after 
refraction from the lens. 


THIN LENS FORMULA 


It is a relation between focal length of a lens and distances 
of object and image from optical centre of the lens. 


Both ; , Let O be the optical centre and f be the principal focus of a 
co the foci of convex lens are real, while that of convex lens of focal length OF = f. AB is an object held 


n 
ave lens are virtual. 


F2 


k—h—] 
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perpendicular to the principal axis of the lens at a distance 
beyond focal length of the lens. A real, inverted and 
magnified image A’ B’ is formed as shown in the figure. As, 
AA’B’O and AABO are similar. 


A'B’ _ OB’ 0 
AB OB 
Again, A A’B’F and ADOF are similar. 
A'B’ _ FB’ 
OD OF 
But OD = AB 
eet! wii) 
AB OF 


From Eqs. (i) and (ii), we get 
OB’ _ FB’ _OB’-OF 


OB OF OF 
Using new cartesian sign conventions, 
Let OB=-u, OB’=+, 
F=+ 
: _v p 
T 
= uf =-uv+uf 
or uv = uf —vf 
Dividing both sides by uvf, we get 
uv _ uf f iy E 
wf uf wf f vu 


This is the thin lens formula. 


This formula can also be proved for concave lens and for 
virtual images in the same way. 


EXAMPLE |2| A convergent beam of light passes 
through the diverging lens of focal length 0.2 m and comes 
to focus 0.3 m behind the lens. Find the Position of the 
point at which the beam would converge in the absence of 
the lens. 
Sol. Given, focal length, f = 0.2m 

Image distance, v = -0.3m 

Object distance, u = ? 
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From thin lens formula, 


ee 
v u f 
1_1_1 
= u v f 
1 1 - 0.5 
= 03 0.2 0.06 
— 0.06 
=> OS 


~. Object distance, u = —0.12m 
Refraction by a Lens : Lens Maker’s 
Formula 


(c) © 


The above figures show the image formation by a convex 
lens. 


Assumptions Made in the Derivation 
Some assumptions made from the derivation are as 
(i) The lens is thin, so that distances measured from the 
poles of its surfaces can be taken as equal to the 
distance from the optical centre of the lens. 
(ii) The aperture of the lens is small. 
(iii) The object considered as 
Principal axis of the lens. 
(iv) The incident ray and refracted ray make small angles 
with the principal axis of the lens. 


(v) A convex lens is made up of two convex sp hei 
refracting surfaces. 


(vi) The first refractin 
object O [Fig. (b)] 
(vii) Image / 


a point lying on the 


8 surface forms image / iof the 


Applyin 
8 the e uatio . ý -e (Ol c 
itst interface quation for spherical refracting surface 


ABC, we get 


opti and Optical Instruments 
fi) 
Bi 22 ah 
OB Bi, BC, w(i) 


milar procedure applied to the second interface ADC 
\S ’ 


ee = Mi + kua = mon 

DI, DI DC, „a (ii) 
„ahin lens, BI, = DI, 
= Eqs (i) and (ii), we get 
a4 ET 277) - + l 

l A oe 

OB DI BC, DC, (iii) 

spose the object is at infinity, i.e. 


OB>°« and DI > f 
y Ea: (iii) can be written as, 
m l l 


7 eM Seta (iv) 


The point where image of an object placed at infinity is 
imedis called the focus (f) of the lens and the distance f 
grasis focal length. A lens has two foci, F and F’ on either 
af of it by sign convention. 

BC, =R; 
of DC, =- R, 


Therefore, Eq. (iv) can be written as 


i. (\) is known as the lens Maker's formula. 
ting 2 = he 
b =n, refractive index of material of lens w.r.t. its 
] z 
“toundings, we get 


Lena -4 
h T R, R, 
"Eas. (iii) and (iv), 


we get 
og. Lao. (vi) 
OB DI f 


th are close to the optical centre ofthe lens, 
OB =- u, DI =+ v, we get 


1 1 1 


— e. a = — 


v u f 


n lens formula. 


Sad D be 


(vii) 


Mi MN 
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a lens maker’s formula, it is clear that focal length of 
lens depends upon radii of curvature of lens and refractive 
index of material of lens w.r.t. its surroundings. 


EXAMPLE |3| The radii of curvature of the surfaces of a 
double convex lens are 20 cm and 40 cm, respectively and 
its focal length is 20 cm. What is refractive index of the 
material of the lens? 

Sol. Given, R, = 20cm, R, = 40cm, f = 20cm, n=? 


We know that, a (n -1(4 _ a 
f R, 


R, R 
1 
=> tm- 
20 20 40 
3 Lefèt 3 
n-1 40 2 
2 r: 5 
> n-1l=- > 3n=5 > n=- 
3 3 


Hence, the refractive index of the material of the lens 

is 5/3. 
Dependence of Focal Length on Refractive Index 
Refractive index of material of lens depends upon the 
medium in which it is kept. Generally, the lens is placed in 
air, so in the above formula, n is the refractive index of 
material of lens with respect to air. If lens is placed in a 
medium other than air, then due to change in refractive 
index (n), focal length of the lens changes. If lens is 
immersed in a liquid whose refractive index with respect to 
air is less than the refractive index of material of lens with 
respect to air, then focal length of the lens increases. 
If lens is immersed in a liquid whose refractive index 
with respect to air is more than the refractive index of 
material of the lens with respect to air, then focal length 
will become negative. That means, the nature of lens will 
change in such a medium, convex lens will behave like 
concave lens and concave lens will behave like 
convex lens. 
If lens is immersed in a liquid whose refractive index with 
respect to air is equal to the refractive index of material of 
lens with respect to air, then focal length of the lens will 
become infinite and it will behave like plane glass sheet, 
Also, in such medium, lens will become invisible. 
Dependence of Focal Length.on the Radii of Curvature 
From lens maker’s formula, it is clear that the focal length 
of a lens of large radii of curvature is large and that of a lens 
of small radii of curvature is small. In simple words, the 
focal length of thin lens is large and that of thick lens is 
small. For plano-convex or plano-concave lens, R, = R and 
R, =% (for plane surface). 
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Linear Magnification 
Produced by a Lens (m) 


Linear magnification of a lens is defined as, the ratio of the 
height of the image formed by the lens to height of the 
object. 

Height of image(/) 


Lin ificati ~ Height of object (0) 
ear magnification (m) Height of object (O) 


For Convex Lens 
-] v 
m z= — j= — 


When image is real, 
O -u 


When image is real, it is inverted and forms on the other 
side of object. 
I 
When image is virtual, PE S 
O u 
When image is virtual, it is erect and forms on the same side 
of object. Thus, it can be said that convex lens gives positive 
linear magnification for virtual image and negative linear 
magnification for real image. 


For Concave Lens 


Concave lens always forms virtual image, so linear 

ig I v 
magnification of concave lens, at, T 
u 


Concave lens always gives positive linear magnification. 
Other formulae for linear magnification are 


r_I- aS 


EXAMPLE |4| The focal length of a thin biconvex lens 
is 20 cm. When an object is moved from a distance of 
25 cm in front of it to 50 cm, the magnification of its 


image changes from m,, to mso. Find the ratio of Mas, 
Mso 
f 


Sol Since, magnification, m = F 


=> Mo, = 
Similarly, My = — = — 


Therefore, Mas = (-4) (=?) =6 
2 


Power of a Lens 


The ability of a lens to converge or diverge the rays of light 
incident on it is called the power of the lens. 
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[\ 
„ani 
— f—* 


5 is defined as the tangent of the angle 


fa len ‘ ; 
Power 0 iverges a beam of light falling ar nig 


which it converges OF d 
distance from the optical centre. 


According to the figure. 
if 4=1, then 


tan 6 = Z 
l 
tan Ô= — 
f 
For small values of 6, tan ô= 5 
ô=— 
f 


; l 
Thus, power of a lens, P = = 


The SI unit of power of lens is dioptre (D). The power of 
lens ig measured as the reciprocal of its focal lengh 


(in metre). 
1 


P = — 
f (inm) 
If f =1m, then P=1m!= ldioptre (D) 


According to the lens Maker’s formula for a lens, 


a ee ees or. 
ie ig z [r 


Here, R, and R, are to be measured in metre. 


at converging (convex) lens, power is positive and for 
iverging (concave) lens, power is negative. 


paMna | l If the radii of curvature of the faces of? 
the refractive a a you aoe, respectively èi 
ae ex of glass is 1.5, then determine the 
oca! length and the power of the lens, 
Sol. Given, radii of curvature, R, =9cm, R, =-15cm, 
refractive index, Mis, f =?,P a 
According to lens Maker's penile 


optics and Optical Instriments 


w 
+= (05)(2+4 =(05)| 5+3 
a f 9 15 
1 8 45 
—=05x— > fie 
b f 45 f 4 =11.25 cm 
p=i-__!  _10000 
», Power, 8.88D 


f 1125x107? 1125- 


mbination of Thin 
enses in Contact 
consider WO lenses A and B of focal lengths f, and fa placed 
ntact with each other. An object is placed at a point O 
4 ond the focus of the first lens A. The first lens produces an 
| Seat! (virtual image), which serves as a virtual object for 
| ke second lens B, producing the final image at 7. 


| 
| 
| 
| 
| 
| 


sch 


—— U 


' Since, the lenses are thin, we assume the optical centres (P) 
| ofthe lenses to be co-incident. 

-For the image formed by the first lens A, we obtain 

1 1 1 


v, = > = f oe (i) 
for the image formed by the second lens B, we get 
1 1 l " 
Se ais dee .. (ii) 
yin h 
Adding Eqs. (i) and (ii), we get 
LO L.A ] es 
aime ... (iil) 


=—+— 
vu fi fr 
the two lens system is regarded as equivalent to a single 


of focal length f. We have, 


11a (iV) 
| vu f 
m Eqs. (ii) and (iv), we get 


tig vo (¥) 
h, foi h 
oa thin lenses of focal lengths fi» fo far » the 
nag 


Is 


tctive focal J e gth 


... (vi) 
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In terms of power, Eq. (vi) can be written as 


P=P +P, +P, +t... 


EXAMPLE |6| Two thin lenses are in contact and the 
focal length of the combination is 80cm. If the focal 
length of one lens is 20 cm, then what would be the power 
of the another lens? 


Sol. Given, combined focal length, F = 80cm, 


m 100 100 
= = = 
fi 20 
P +P, =P 
=1.25-5= -3.75 D 


We know that, 


Magnification by Combination of Lenses 
Suitable combination of lenses helps to obtain diverging or 
converging lens of desired magnification. It also enhances 
sharpness of the image. Since, the image formed by the first 
lens becomes the object for second lens and so on. So, the 
magnification of combination (m) is the product of 
magnification (m; ,™3,m,) of individual lenses. 
Magnification of combination of lenses, 
m=m, Xm, Xm; X... 
(i) If combination of lenses consists of one convex lens 
(fi) and one concave lens (- f), then 
for combination of lenses, 
l1 1l l 1. 1 


—=—+ Se 
f fi th fhih 

> f = fi T 2 

Anh 

(ii) If f, > fa then f is negative, ie, combination will 
behave like concave lens, when focal length of convex 
lens is larger. If fi < fa, then f is positive, i.e. 
combination will behave like convex lens, when focal 
length of convex lens is smaller. If f, = fz, then fis 
infinite, i.e. combination will behave like plane glass 
sheet. 
If the lenses are placed d distance apart, then 
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| TOPIC PRACTICE 3 | 


OBJECTIVE Type Questions 


1. 


For the refraction shown below the correct 
relation is, 


n n No-n n n non 
(a) = -—b=—2 + L b) 2-2 =— u 

v u R v u R 

n n n,—-n n n n n 

v u v u R 


Light from a point source in air falls on a 
spherical glass surface (n = 1.5 and radius of 
curvature = 20 cm). The distance of the light 
source from the glass surface is 100 cm. Image 
distance from the glass surface is 

(a) 20 cm (b) 50cm 

(c) 100 cm (d) 75 cm 


First and second focal lengths of spherical 
surface of n refractive index are f, and fz 
respectively. The relation between them, is 


(a) fa = fı b) fe =- f, (c)f2 =nfi (d) f =- nf, 


A magician during a show makes a glass lens 

with n = 1.47 disappear in a trough of liquid. 

Refractive index of the liquid is 

(a) 1.47 (d) = 

Which of the following is true for rays ity 

coming from infinity? ii 

(a) Two images are formed Re 
of upper and lower lens 

(c) One image is formed 

(d) None of the above 


œ) 133 (o) = 
3 
(b) Continuous image is formed between focal points 


Two thin lenses are in contact and that 
combination has 15 cm focal length. If one lens 
has focal length 30 cm, then what is the second 
lens focal length? 
(a) 15 cm 

(c) 20 cm 


(b) 25 cm 
(d) 30 cm 
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The radius of curvature of the curved surface of 
a plano-convex lens is 20 cm. If the refractive 


index of the material of the lens be 1.5, it will 
NCERT Exemplar 


(a) act as a convex lens only for the objects that lie op 


its curved side 
(b) act as a concave lens for the objects that lie on its 


curved side 
(c) act as a convex lens irrespective of the side on 


which the object lies 
(d) act as a concave lens irrespective of side on which 


the object lies 
Two lenses are in contact having focal length 


25cm and - 40 cm. Find power of this 
combination. 

(a) -6.67 D (b)- 25D (c) +15D 
Two lenses are in contact having powers of 5D 
and — 3D. The focal length of this combination 
will be 

(a)50cm (b)75 cm 


(d)+4D 


(c) 25 cm (d) + 20cm 


VERY SHORT ANSWER Type Questions 


10. 


fl. 
12. 


13. 


14. 


15. 


Abeam of light is converging towards a certain 
point. A parallel sided glass plate is introduced 
in the path of the converging beam. How will 
the point of convergence be shifted? 


What type of lens is an air bubble inside water? 


Aconcave lens of refractive index 1.5 is 
immersed in a medium of refractive index 1.65. 
What is the nature of the lens? All India 2015 


Abiconvex lens made of a transparent material 
of refractive index 1.25 is immersed in water of 
refractive index 1.33. Will the lens behave as 4 


converging or a diverging lens? Give reason. 
All India 2014 


Under what condition, does a biconvex lens of 
glass having a certain refractive index act as 4 


plane glass sheet when immersed in a liquid? 
Delhi 2012 


A glass lens is immersed in water. How is powe! 
of the lens affected? 


SHORT ANSWER Type Questions 


16. 


The lens shown in the given figure is made of 
two different materials. A point object is placed 
on the principal axis of this lens. How many 
images will be obtained? 


optics and Optical Instruments 
fal 


now analytically from the len 
íl. when the object is at the princ 
image is formed at infinity. 


S equation that 
ipal focus, the 


$. A student measures the focal length of a convex 
jens by putting an object pin at a distance ų 
from the lens and measuring the distance v of 


the image pin. What will be the graph drawn 
petween u and v? 


r) Amagician during a show makes a glass lens 
n= 1.47 disappear in a trough of liquid. What is 
the refractive index of the liquid? Could the 
liquid be water? 


LONG ANSWER Type I Questions 


20. An equiconvex lens of focal length fis cut into 


two equal halves in thickness. What is the focal 
length of each half ? 


2, Define power of a lens. Write its units. Deduce 
. l 
the relation L =— + EA for two thin lenses kept 
1 2 i 


in contact coaxially. Foreign 2012 


22. Asymmetric biconvex lens of 


radius of curvature R and 
made of glass of refractive 
index 1.5, is placed on a layer 
of liquid placed on the top of 
a plane mirror as shown in 
the figure. An optical needle 
with its tip on the principal 
axis of the lens is moved along the axis until its 
real, inverted image coincides with the needle 
itself. The distance of the needle from the lens 

is measured to be x. On removing the liquid 
layer and repeating the experiment, the 

distance is found to be y. Obtain the expression 
for the refractive index of the liquid in terms of 
Xand y. CBSE 2018 


i The objective of an astronomical telescope has a 
ameter of 150 mm and a focal length of 4 m. 
€ eyepiece has a focal length of 25 mm. 
alculate the magnifying and resolving power of 
telescope (A = 6000 A for yellow colour). 
Delhi 2011 


LON 
G i 
W ANSWER Type II Questions 


‘eure shows a convex spherical surface with 
Entre of curvature C, separating the two media 
dig active indices n, and nọ. Draw a ray 

bram showing the formation of the image of a 


c 


25. 
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point object O lying on the principal axis. Derive 
the relationship between the object and image 
distance in terms of refractive indices of the 


media and the radius of curvature R on the 
surface. 


All India 2014 


(i) A point object O is kept in a medium of 
refractive index n, in front of a convex 
spherical surface of radius of curvature R 
which separates the second medium of 
refractive index n, from the first one, as 
shown in the figure. 


Draw the ray diagram showing the image 
formation and deduce the relationship 
between the object distance and the image 
distance interms of n}, n, and R. 


(ii) When the image formed above acts as a 
virtual object for a concave spherical 
surface separating the medium n, from 
n(n, >n,), draw this ray diagram and write 
the similar [similar to (i)] relation. Hence 
obtain the expression for the lens Maker's 
formula. All India 2015 


NUMERICAL PROBLEMS 


26. 


27. 


28. 


29. 


30. 


A converging lens of refractive index 1.5 is kept 
in a liquid medium having the same refractive 
index. What would be the focal length of lens in 
the medium? 


The radii of curvature of the faces of a double 
convex lens are 10 cm and 15 cm. If focal length 
of the lens is 12 cm, find the refractive index of 
the material of the lens. Delhi 2010 


Find the radius of curvature of the convex 
surface of a plano-convex lens, whose focal 
length is 0.3 m and the refractive index of the 
material of the lens is 1.5. Delhi 2010 


A biconvex lens has a focal length 2/3 times the 
radius of curvature of either surface. Calculate 
the refractive index of lens material. Delhi2010 


What is the focal length of a convex lens of 
focal length 30 cm in contact with a concave 
lens of focal length 20 cm? Is the system a 
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converging or a diverging lens? Ignore 
thickness of the lenses. NCERT 


31. (i) Monochromatic light of wavelength 589 nm 
is incident from air on a water surface. If u 
for water is 1.33, find the wavelength, 
frequency and speed of the refracted light. 

(ii) A double convex lens is made of a glass of 
refractive index 1.55 with both faces of the 
same radius of curvature. Find the radius of 
curvature required, if the focal length is 
20 cm. ` All India 2017 


. 32. Double convex lenses are to be 
manufactured from a glass of 
refractive index 1.55, with both faces R| JR 
of the same radius of curvature. What 
is the radius of curvature required, if 


the focal length is to be 20 cm? 
NCERT 


33. The image obtained with a convex lens is erect 
and its length is four times the length of the 
object. If the focal length of the lens is 20 cm, 
calculate the object and image distances. 

All India 2010 


34. You are given three lenses L, , L, and L, each of 
focal length 10 cm. An object is kept at 15cm in 
front of L,, as shown in figure. The final real 
image is formed at the focus of L,. Find the 
separation between L,,L, and L,. All India 2012 


Ly L2 L3 


+ 15cm 


10cm 


| HINTS AND SOLUTIONS | 


1. (a) As refraction formula for curved surface is 
uir ELL MEE Bana.) 


v u R 
2. (c) Here,u =- 100 cm, v =?, R= + 20 cm, n =1 
and n, = 1.5 , 
As, refraction formula for curved surface, we have 
ILS 1 05 
— + — = — => f 
PETTE ¥=+100cm 


The image is formed at a distance of 100 cm from the 
glass surface, in the direction of incident light. 

3. (b) When medium is equal on both sides of lens, then 
the numerical value of both focal length is equal, hence 
f=- fi ; 


4. (a) The refra 


10. 
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ctive index of the liquid must be equal tg 
1.47 in order to make the lens disappear. This means 
n =m. This give1/f =00r f > =. 


. (a) Since, lens is made of two layers of different 


refractive indices, for a given wavelength of light it wil 
have two different focal lengths or will have two image 


1 
at two different points as F c< (p — 1) (from Lens 


maker's formula). 


. (d) Given, F =15 cm, f, = 30cm 


1 1 1 
We know that, — = — + — 
F fi Ja 
1 1 1 
=> =—Set 
15 30 fo 
1_ 1 1_2-1 
f, 15 30 30 
=> fa=30 cm 


. (c) Here, R = 20cm, u = 1.5, on substituting the values in 


f =—— =—— = 40cm of converging nature as f>0. 


Therefore, lens act as a convex lens irrespective of the 
side on which the object lies. 


- (c) Given, f, = 25cm, f, = -—40cm 


100 100 
R = — = —= +4D 
fi 25 
100 100 
and P, =— =—=-25D 
fa -40 


P=P +P, =4+(-25)D=+15D 


W (a) Given, P, =5D, P, =-3D 


P=R +P, =5+(-3)=2D 


Here, shift is given as Ax = f = 7 
u 


whi i 
ch takes place in the direction of ray 
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aay 


is clearly visible that air bubble acts as a diverging 
jl. as (concave Jens) in water, 
e 


[A> 
Water 


j concave lens behaves asa diverging lens, when it is 
igced in medium of refractive index less than the 
ctive index of the material of the 'ens and behaves 

= converging lens, when it is placed in a medium of 

refractive index greater than the refractive index of the 
material of the lens. " 

in the given case, concave lens is immersed in a medium 

having refractive index greater than the refractive index 

of the material of the lens (1.65 > 1.5). Therefore, it will 
pehave as a converging lens. 

When a lens is placed in a liquid, where refractive index 

js more than that of the material of lens, then the nature 

of the Jens changes. So, when a biconvex lens of 
refractive index 1.25 is immersed in water (refractive 
index 1.33), i.e. in the liquid of higher refractive index, 
its nature will change. So, biconvex lens will act as 
converging or diverging lens. 

14. When refractive index of lens is equal to the refractive 
index of liquid, it will behave like plane glass sheet. 

1 


1 1 
15. We know that, — =(u- iff m ż) 
| Í AR R 


For glass n, =1.5, for air, n =1, for water n =133 
(E-i) 
f Af \133 R,., R, 

So, focal length becomes 4 times, hence power becomes 


1 
7 of the initial value. 


13. 


16. Since, refractive index of each material is different, so 
the lens will have two different focal lengths, one for 
each material. Hence, two images will formed. 


17, Given,u =~ f 


“Lens equation is, Je 


v (in cm) 


u (in cm) 


19. 


20. 


21. 


_ First measurement gives the focal length ( feg = +) 
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If ft, = py then f =” 

Hence, the lens in the liquid acts like 
when refractive index of the lens and t 
medium is the same. Therefore, H, =H: = 147 

Hence, the liquid medium is not water. refractive index 
for water = 1.33. 


Focal length can be given as 


a plane sheet, 
he surrounding 


Focal lengh =f 
d = (u ~] L - z) l; 

7 O R R I 

where, p is the refractive index of the | | | 

lens medium. R, and R, are radii of t] 

curvature. \ Í 

Equiconvex lens have the same \ 


radius of curvature, 
i.e. R =-R, 


DAD i _1)| 1 _2(u-t) 
pe JE ‘le 


A f'=2f 
Hence, focal length of each half becomes twice of the 
original value. 


Refer to text on pages 374 and 375. 


combination of the convex lens and the plano-convex 
liquid lens. Second measurement gives the focal length 
(f, = y) of the convex lens. 
Focal length ( f, ) of plano-convex lens is given by 
1 1 1 1 tL 


=> 2= = (i) 
y-*x ) 
For equiconvex glass lens using Lens Maker's formula, 
we get 
1 1 l 
— =(n, -1)|—~ 2) 
a R R 
i 
+ =(15-1) () 
y R 
(As R = Rand R, =- R) 
LEID BRI 2 
y R 


Now, we apply Lens Maker's formula for plano-convex 
lens. 

Here R, = Rand R, = œ and let n, = refractive index of 
liquid 
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1 1 
paG- 
fz R 
1 1 
=> —=(n, -—1 — 
-=n (>) 
= pe y 
2 xy 
y-x 
z142 2ž a2 
x x 


23. The diameter of objective of the telescope 


M A 


= 150x 10° m, f, =4m 
f. =25x 10° mand D =0.25 m 


4 ( 0.25 
25x10” 25x10? 
1.22A 1.22x6x107 
Now, dð = —— = — 
ii D 0.25 


=2.9x10 ° rad 
1 


2.9x10° © 
= 0.34 x10° 


Refer to text on pages 369 and 370. 
Let a spherical surface separate a rarer medium of 
refractive index n, from the second medium of refractive 
index n,. Let C be the centre of curvature and R= MC be 
the radius of the surface. 
Consider a point object O lying on the principal axis of 
the surface. Let a ray starting from O incident normally 
on the surface along OM and pass straight. Let another 
ray of light incident on NM along ON and refract along 
NI. From M , draw MN perpendicular to OI. 
The above figure shows the geometry of the formation 
of image J of an object O and the principal axis of a 
spherical surface with centre of curvature C and radius 
of curvature R. 
Here, we have to make following assumptions, 
(i) the aperture of the surface is small as compared to the 
other distance involved. 
(ii) NM will be taken as nearly equal to the length of the 
perpendicular from the point N on the principal axis. 


}=-1760 


1 
-Resolving power = — = 
8P 10 


an ZNO s A nae a 2 
OM MC 


MN 
tan ZNIM = —— 
MI 


For ANOC , is the exterior angle. 
‘ Zi = ZNOM + ZNCM 


7 MN MN 

leş, 1 = — + — í : 
an small angles, i OM | NC (i) 
Similarly, r= ZNCM — ZNIM 
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= NC NI t 
By Snell's law, we get 
n, sini = m sinr 
For small angles, mni = nmr 
Put the values of i and r from Eqs. (i) and (ii), w 
MN MN) (4 - am 
"\om MC C 
Mi aue 
MC (iii) 
Applying new cartesian sign conventions, we get 
OM =-u, MI=+v 


€ Bet 


and MC=+R 

Substituting this in Eq. (iii), we get 
n Mg _ Mm- , 
v u R li 


Now, the image J’ acts as a virtual object for the 
second surface that will form a real at J. As, 
refraction takes place from denser to rarer medium, 


On adding Eqs. (iv) and (v), we get 

1 1 1 ng. A awit] 
—=(n -(5-3) oe =m Lott] 
F 21 XR R Noy mfy"! 


26. When lens is immersed in a liquid, then 
1 1 1 
—=(n -(2-2) 
fı Í R R 
where, "i = refractive index of lens material (glass) 


w.r.t. liquid. 


ORTI 
Hu 15 

Hence Asi 1 1 1 eas 
’ = ~ nee A =0 => = 
fı R R, fı 


i ma, J 
27. Given, R, = +10cm, R, = -15cm, f Z 4+12cm, H7: 


Applying lens Maker's formula, 


1 
==(u-1){ 1-1 
prunes 
=> 1 1 1 
> =(u-1 (2 —f=(u-1) — 
12 015 (u 50 
=> i(u=1=t _3 
p Bes 


ial 
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if 


plano-convex lens, R, = œ 
R, = -R, f =03 m=30 cm 
pais 
padius of curvature of plano-convex lens, R=? 


gp. For® 


° 4 A 1 
iyi g lens Maker's formula, — = ( ay Lun ly 
Apply" f 1) 


i R 


1.5-1 
2 
99, Given, faz RR=tRR=-R 
«, Using lens Maker's formula, 
1 1 1 
—=(p-1)| —-— 
(u (2 =) 
3 2 
—= -1) S 
2 geol) 
=> -p-1=- 
3 7 
=> =1+-=- 
a 4 4 


30, Given, focal length of convex lens, f, = 30cm 


Focal length of concave lens, f, =- 20cm 
Using the formula of combination of lenses, 
1/1,1_1 1_2-3,41, 


> f=- 60cm 

Since, the focal length of combination is negative in 
nature. So, the combination behaves like a diverging 
lens, i.e. as a concave lens. 


ŠL (i) In refraction, frequency remains same, so 


f refracted beam = J incident beam 


Also peed ie Dts v=fA] 
V2 fr, LS 
8 
= y= 9X10 _ 505 x 10° ms” 
Ha 133 , 
À =À 589 L 442.85 = 443 nm 
Ha 133 


So, wavelength of reflected beam = 443 nm and its 


__ Peed = 2,25 x10° ms 
(i) For biconvex lens, using lens Maker's formula, 


1 
~u- 2 
f (i i) 


abe f= 20 cm, u =155 
R, =+ Rand R, =-R 
Mehave, dq 12 
f R 


32. 


33. 
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=> R=2(p-1)f = 2x (155-1) x 20= 22cm 
“. Radius of 22 cm is required. 


. Given, the refractive index of glass with respect to air, 


“py, =1.55 


For double convex lenses, R, = R, R, = -R 


. [ both faces have same radius of curvature] 


[for double convex lens, one radius is taken as positive 
and other negative] 

Focal length of lens, f = + 20cm 

Using the lens Maker’s formula, 


=> Ł=ass-d(2+2) 
. 20 R R 


1 
=> 4 cossxZ R=0.55X2x 20 = 22cm 
20 R 


Thus, the required radius of curvature is 22 cm. 


As magnification, m= 5 =~ >I =4x length of object 
u 


I v 
5 —=4 > —=4 > v=4u 
(0) u 
1 1 1 1 1 


Using lens formula, — = — - -= ie 
i oF y u (ctu) (u) 


1 1 1 1 44 3 
> == -— += — = — = 
f 4u u 20 4u 4u 
x 
=> ne 3 45 
4 
=> v =4u =15x 4= 60cm 


‘ Distance of the object, u =15 cm 


34. 


Distance of the image, v =60 cm 
The image is on the same side of the object. 
1 1 1 
For lens L, — =— -- 
fx u 
Given, u =- 15cm, f =+10cm, v=? 
1 11 1 1 1 1. A 
= => 


— > — 
10 v 15 v 10 15 v 30 


Distance of image from lens L,, v = 30cm 
Distance of image from lens L, v’’ = 10cm 

if e Ney eee 

10 10 u” u 
The refracted rays from lens L, becomes parallel to 
principal axis. It is possible only when image formed by 
L, lies at first focus of L,, i.e. at a distance of 10 cm 


from L}. 


For lens Ls, 


+, Separation between L, and L, =30 +10 = 40 cm 


The distance between L, and L, may take any value. 


| TOPIC 4| 


Prism and Optical Instruments 


A prism is a portion of a transparent medium bounded by 


two plane faces inclined to each other at a suitable angle. _ 


In the given figure, ABQP and ACRP are the two refracting 
faces and ZA is called angle of prism. 


THROUGH A PRISM 
The figure below shows the passage of light through a 


triangular prism ABC. 


The angles of incidence and refraction at first face AB are i 
and r,. 

The angle of incidence at the second face AC is r, and the 
angle of emergence is e. 

The angle between the emergent ray RS and incident ray 
PQ is called angle of deviation (8). 


Here, Z PQN =i, Z SRK =e 
Z RQO=r,, ZQRO=r, 
ZKTS=6, ZTQO=i 

and ZTQR=i-y, 

or L TRO =e -r 


In ATQR, the side QT has been produced outwards. 
Therefore, the exterior angle 5 should be equal to the sum 
of the interior opposite angles. 


i.e. ô= LTQR+ ZTRQ 
=(i-7)+(e-1r) 

> õ=(i+e)- (r +r) (i) 

In AQRO, 


7, +r, + ZROQ = 180° ...(ii) 


From quadrilateral AROQ, we have the sum of angles 
Z AQO + Z ARO = 180°. 


This means that the sum of the remaining two ail 
hould be 180°. ’ 

e Z A+ Z ROQ =180 li 
se. [Z A is called the angle of Prism 


From Eas. (ii) and (ili), we get 


ntr =A +ss(iy) 


Substituting the value from Eq. (iv) in Eq. (i), we obtain 
§S=(ite)-A 
If u is the refractive index of material of the prism, then 
according to Snell’s law, bs. 
_ sind, 


sin 7 


When angles are small, sin 7, =j and sin7, = 7, 


pot = ip, here, i, =i] 
"i ‘ 
ae ly e . 
Similarly, u= or h=— [ i, =e] 
r2 r2 
= e =ur 
6=i+te-A 
=p, tyr, - A=p(, +r)-4A 
5=pA-A 


or d=(u-1)A 
This is the angle through which a ray deviates on passing 
through a thin prism of small refracting angle A. 


i siligheen |1] A thin prism of 5° angle gives a deviation 
of 3.2°. What is the value of refractive index of the 
material of the prism? 


Sol. Given, A=5°,§= a2, We? 
We know that, § = A(p~1) 


be ss nll 
Rott Alt = 140.64 = 1.64 


Prism Formula 


] . . 

“i Ps angle of incidence is increased gradually, then the 

(òn) and h iation first decreases, attains a minimum va" 
h en again starts increasing. 
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6 
re 
E 
v | 
e] | 
2 i 
[ou t 
g | 
i é 
| Angle of incidence 
T le of deviation eens the prism is said to 
iq the minimum deviation position. There is only 


Jac B: . 
A angle of incidence for which the angle of deviation is 
, pirimi 


| ghen 


§ = 6,,[prism in minimum deviation position] 
¿=i and n= (i) 
n +r =A 


| =A or r=— 
2 rtr Ao 


we have 
H At+d=ite (ü) 


putting 5 = §,, ande =i in Eq. (ii), we get 
At+5,, =it+i 
A AFO; 
2 L= 4 


sin / 
== 


sinr 


From Snell’s law, 


This relation is called a prism formula. 
For thin prisms (i.e. A is very small), the value of 6, is also 


Very small. 
_ (At4,, 
by, in( £5) A+, 
TOA 2 
À mie we Rie 
ô„ =u- DA 


X 
ag PLE |2| A ray of light suffers minimum 
SERS While passing through a prism of refractive 
i ion and refracting angle 60°. Calculate the angle of 
(iven, 9 angle of incidence. 
Sy (0-75) = 48.6") 
Wen, refractive index, pels 


Ble of Prism, A = 60°, angle of deviation, Ôn =? 
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Angle of incidence, | =? 


sin sh ĉa) 


We know that, p = a 
inf a 


= 1.5 sin30 = sin (=) 


=> 1.5X 0.5 =in( 3) 


ll > bn = sin™(0 75) 


tis e 


§,, = 486° X 2-60 = 37.2° 
Also, the angle of incidence, 
i= (A+6,,) 
2 
60° + 37.2 _ 
oe 


OPTICAL INSTRUMENTS 


Using the reflecting and refracting properties of mirrors, 
lenses and prisms, many optical instruments have been 
designed like microscopes and telescopes. Our eye is a 
natural optical device. 


The Eye 
The structure and working of eye were already learnt in 
your younger classes. The eye lens is a convex lens whose 


focal length can be modified by the ciliary muscles. This 


48.6 


` property of eye is called accommodation. The image is 


formed on a film of nerve fibres called retina. 

The closest distance for which the lens can form image is 
called the near point and its value is 25 cm for a normal eye. 
The far point of a normal eye is infinity. It is the farthest 
point upto which the eye can see clearly. 


Simple Microscope 

Microscope is an optical instrument which forms large 
image of close and minute objects. A simple microscope is a 
converging lens of small focal length. When an object is at a 
distance less than the focal length of the lens, the image 
obtained is virtual, erect and magnified. 

When the object is at a distance equal to the focal length 
of the lens, the image is formed at infinity. 
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Case I 


Case II 


When the image is formed at the near point 


`~ 
` `~ 
`~ 
Mi “~ 
wey he 
kie 
` >s 


- 

` 
me. 

~ 


ene. 
see 
“aou 
wen 


` 
‘ 
` 
1 
' 
en 
A” 
' 
I 
' 
’ 


B 


t— p — 
The angular magnification or magnifying power of a 
simple microscope is defined as the ratio of the angle 
B subtended at the eye by image at the near point and 
the angle & subtended ar the unaided eye by the 
object at the near point. 


<. Magnifying power, m= B (i) 
Q 
In A A'B'C, pee 
D 
maa"e*c, urga E2 -2 


Since, the angles are small, then 


tan & =Q and tan B =B 
A’B’ AB 


Sd = d a=— 
B D i D 
From Eq. (i), we have 
_ A'B’ D. A’ + 
D AB AB 


This gives the linear magnification produced by the 
lens. 


It can be proved that, =? 
AB u 
oe REAR | 
We know thar, he Ly 
v iu f 
Multiplying both sides by v, we have -£ = £ 
v u f 


v 
> l-m=— = m=1-4 


jek 
J 


[~ v=-D because image is formed at near point] 
In this case, the eye is placed behind the lens at a 
distance a, then 


When the image is formed at infinity 


i.e. v =00 
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AB 
In this case, B = — nd 0, = —— 
Ab D D 
m=— x— = 
f AB f 

D 


EXAMPLE |3| A convex lens of focal length 5 a 
is used as a simple microscope. What Will be th 
magnifying power when the image is formed at the 
least distance of distinct vision? 
Sol. Given, focal length, f =5 cm 
Least distance of distinct vision, D = 25 cm 


. D 25 
Magnification, m =| 1 + F =|1+ = Sý 


Compound Microscope 

A compound microscope consists of two convex 
lenses coaxially separated by some distance. The lens 
nearer to the object is called the objective. The lens 
through which the final image is viewed is called the 


eyepiece. 


Working 

The objective of compound microscope forms the 
real, inverted and magnified image of the object. This 
image serves as the object for the second lens, ic. 
eyepiece which produces the final image, which is 
enlarged and virtual. 

The first inverted image is thus near the focal plane of 
the eyepiece, at a distance appropriate for final image 
formation at infinity or a little closer for image 
formation at the near point. The final image i 
inverted with respect to the original object. 


Objective lens 


Eye lens 


ea Magnification or magnifying power M 
eed Microscope is defined as the ratio 0 the 
subtended by the final image at the eye t10! i 


opti and Optical Instruments 
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gab ended by the object seen directly, when both are 
yal se least distance of distinct vision, : 


e angles are small, then 
‘a =tana or B=tanB 
tan B 


m= (i) 


tan Q 
angled AC ’ QB”, we have 

B’Q_BPQ_A"B" 

ale Do B 

ibo, from right E7 AC'A”Q, we have 


yO ty 
tan CQ D s Q = AB] 


from right 


substituting the values of tan@ and tanBin Eq. (i), we 
have 


B’Q D B’Q 
m=— x — =—— 
D AB. AB 
B” Q A'B’ 
3 mamo A 
A'B’ AB 


Thus, the magnification produced by the compound 
microscope is the product of the magnification produced by 
the eyepiece and objective. 


(ii) 
where, m, and m, are the magnifying powers of the 


tjepiece and objective, respectively. 
The linear magnification of the real inverted image 


m=m,Xm, 


Produced by the eyepiece is 
y P A 'B' 
Cosel When the final image is formed at near point 
Linear magnification is given by 
ee re sail) 
yr f, is focal length of the eyepiece 


Pa is the linear magnification of the object 


Produced by the objective. 


m, = E (iv) 
u, 
From Eqs, (ii), (iii) and (iv), we have 
v D 
=—|]1+— (v) 
T 


Case II 
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We know that, Lo er 
V, u, fa 


Multiplying both sides by v,, we have 


v, Vs V, 
Va u, Te 
v v 
> -2 =-1+4+453—=1-— 
Hg i uy A 


When the final image is at infinity 

If u, is the distance of the object from the 

objective and v, is the distance of the image 

from the objective, then the magnifying power 
v 


of the objective is m, =— 


g 


When.the final image is at infinity, then 
angular magnification is given by 


The total magnification when image is at 
infinity is given by 

v D 

m=m, Xm, =| —X— 

uy fe | 
If the object is very close to the principal focus 
of the objective and the image formed by the 
objective is very close to the eyepiece, then 

-L D 


where, L = length of the tube of microscope 
In this case, the microscope is said to be in 
normal adjustment. 


EXAMPLE |4| A compound microscope has an objective 
of focal length 1 cm and an eyepiece of focal length 2.5cm. 
An object has to be placed at a distance of 1.2 cm away 
from the objective for the normal adjustment. Determine 
the angular magnification and length of microscope tube. 


Sol. Given, focal length of objective, f,=1 cm 


Focal length of eyepiece, f, = 25cm 
Object distance, u, = —1.2cm 


=> Digi sad 
Vo Uy fo 
=> J 2,-4.8? 
Va 12. 12 
=> v, = =v, =6cm 


`‘ Angular magnification, m = T f + 2) 


wll fe 
=> m -<h +3) = 55 
|-1.2| 2.5 


.. Length of microscope tube, 
L=v, + f, =(6+ 2.5)= 85cm 


Astronomical (Refracting) Telescope- 
An astronomical telescope is an optical instrument which is 
used for observing distinct images of heavenly bodies like 
stars, planets, etc., when the final image is formed at 
infinity. 

Astronomical telescope has two convex lenses coaxially 
separated by some distance. The lens towards the object is 
called objective and has much larger aperture than the 
eyepiece of the lens towards the eye. 


Working 
Light from the distant object enters the objective and real 
image is formed at second focal point of objective. The 
eyepiece magnifies this image producing a final inverted 
image. 

Case] When the final image is formed at infinity 


Objective lens 


lbi ——+-fp ~ 


P 
frontal! rays Eye lens 


infinity. ject at 


Angular magnification is given by 


m=— 
a 


Since, B and @ are very small. 
B =tanB 


or Q = tana 


| All/none | PHYSICS Clas 124 


is the i d by the objective, f, and 
where, / is the image formed | > and f 
are the focal lengths of objective and eyepiece, respectiy eh, 


Substituting the values of tan & and tan B in Eq. (i), we ii 


Case II When final image is formed at near point 


C. 


Parallel rays from 
object at infinity 


Angular magnification, m = B 
a 


tan B 


= m= [~ B and & are small] 


f call} 


=> m= 


Using lens formula (2 6 z) for the 


eyepiece, we have Y # 


— — = —_. 


a aie |5] A telescope consists of two lenses % 
lie nae i cmand 5 cm. Obtain its magnifying powe! 
s at image is (i) at infinity (ii) at 25 cm from tle 
Sol. (i) When the final image is at infinity 


m'= — Lo 720 


f 5 
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pay 


m=-~4 


2 : ‘ 
@ when the final image is at 25 cm from the eye, 
ie. D = 25 cm, 


n=$h1+4)-=2 Sfi 
Je D) 5 \ 95 
S He 


peflecting Telescope 


sig elescope is also known as Cassegrain Telescope, 
‘ft a designed by Guillaume Cassegrain, shown in 
vil s below. Reflecting telescope is an improvement over 
ae or astronomical telescope. To obtain a bright 
: wee of a distant star by refracting telescope, it is essential 
yea objective of large aperture, so that it may collect 
P relight coming from the object. But to deal with such a 
d is problem in terms of using and making and it is 
wo costly. The same bright image of a distant object can be 


brained by using a concave mirror of large aperture in 
pace of objective. 


Z Objective 


Secondary mirror 


mirror 


Eyepiece 


Reflecting telescope consists of concave mirror of large 
aperture and large focal length (objective).A convex mirror 


is placed between the concave mirror and its focus. A small 


convex lens works as eyepiece.In. the reflecting telescope, 
parallel ra 


ys from a distant object are intercepted and 
focused by a reflecting concave mirror rather than a 
fiacting lens, One popular configuration of mirror and 


tyepiece is called the Newtonian reflecting type telescope, 
"amed after its designer Newton. 


* parallel beam of light coming from the distant object 
ie Is reflected by concave parabolic mirror M}, on the 
k mirror M,. The plane mirror M, is inclined at an 

* OF 45° to axis of the mirror M, 


Eyepiece (A M; = Parabolic mirror 


Rays arrive 

in from 
Y distant 

Object 


The | M= Plane mirror 
Plane m; l , 
bmeg 4 mirror reflects the beam and a real image is 


"Ont of eyepiece. The eyepiece acts as a magnifier 


387 


and the final magnified image of the distant object can be 
observed by the eye. 


Advantages of Reflecting Telescope 
over Refracting Telescope 


For astronomical telescope, the mirror affords several 
advantages over the objective lens. A mirror is easier to 
produce with a larger diameter, so that it can intercept rays 
crossing a larger area and direct them to the eyepiece. 


The mirror can be made parabolic to reduce spherical 
aberration. Aberration is further reduced because passage 
through one layer of glass (the objective lens) is eliminated. 


TOPIC PRACTICE 4| 


OBJECTIVE Type Questions 


1. A prism has refractive angle 60°. When a light 


ray is incident on 50°, then minimum deviation 
is obtained. What is the value of minimum 


deviation? 
(a) 40° (b) 45° 
(c) 50° (d) 60° 


. Aray of light passes through an equilateral 
prism such that, the angle of incidence is equal 
to the angle of emergence and the latter is equal 
to 3/4 the angle of prism. The angle of deviation 


1S 
(a) 25° (b) 30° 
(c) 45° (d) 35° 


3. Aray of light incident at an angle@ on a 
refracting face of a prism emerges from the 
other face normally. If the angle of the prism is 
5° and the prism is made of a material of 
refractive index 1.5, the angle of incidence is 


NCERT Exemplar 
(a)7.5° — (b) 5° (c) 15° (d) 2.5° 
4. The image formed by an objective of a 
compound microscope is 
(a) virtual and diminished 
(b) real and diminished 
(c) real and enlarged 
(d) virtual and enlarged 


5. In order to increase the angular magnification 
of a simple microscope, one should increase 
(a) the object size ` 
(b) the aperture of the lens 
(c) the focal length of the lens 
(d) the power of the lens 
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6. F, and F, are focal lengths of objective and 


eyepiece respectively, of the telescope. The 
angular magnification of the given telescope is 


equal to 
F, F, 
a) — prn 
(a) F, (b) F, 
0 Sa cq) 5H 
F, +F, F, F, 


7. An astronomical telescope has an angular 
magnification of magnitude 5 for distant 
objects. The separation between the objective 
and the eyepiece is 36 cm and the final image is 
formed at infinity. The focal length f, of the 
objective and the focallength f, of the eyepiece 
are 
(a) f, =45cm and f, =-9cm 
(b) f, =—7.2cmand f, =5cm 
(c) f, =50cm and f, =10 cm 


(d) f, =30cm and f, =6cm 


8. Limitation of reflecting telescope is 
(a) objective mirror focusses light inside the telescope 


tube 
. (b) objective mirror focusses light outside the telescope 


tube 
(c) objective mirror has large focal length 


(d) tube length is large 
VERY SHORT ANSWER Type Questions 


9. How does the angle of minimum deviation of a 
glass prism vary, if the incident violet light is 
replaced by red light? Give reason. AllIndia2017 


10. Write the relationship between angle of 
incidence i, angle of prism A and angle of 


minimum deviation 5,, for a triangular prism. 
Delhi 2013 


11. Why should the objective lens of a compound 
microscope have a small focal length? 


12. How will you distinguish between a compound 
microscope and a telescope simply by seeing it? 


SHORT ANSWER Type Questions 


13. What should be the position of the object 
relative to the biconvex lens, so that this lens 


behaves like a magnifying glass? 


14. How does the magnification of a magnifying 
glass differ from its magnifying power? 
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o increase the range of a 


blet ae 
15. Isit posi creasing the diameter of the 


Cassegrain) showing how rays ° 
a distant object are received at th 
o important advantages i 


16. Draw as¢ 
telescope 
coming £ 
eyepiece. 
over a refr 


hematic arrangement of a reflectin 
( 


Write its tW 
acting telescope. 
antages of a reflecting 


ain two adv í 
17. Exp! refracting telescope. CBSE 2014 


telescope OVEr 2 


R Type I Questions 


LONG ANSWE 
18. Choose the statement as wrong or right and 
justify. 
of scattered light varies 


(i) The intensity 
inversely as square of wavelength. 


(ii) Magnification of simple microscope 
final image is at infinity is given 


cting type telescope, objective lens is 
d by convex parabolic mirror. 


eat labelled ray diagram of a 
d microscope. Explain briefly its 


(iii) In refle 

replace 
19, (i) Drawan 

compoun 
working. 

(ii) Why must both the objective and the 
eyepiece of a compound microscope have 
short focal lengths? All India 2010 


20. Draw aray diagram showing the image 
formation by a compound microscope. Hence, 
obtain the expression for total magnification, 
when the image is formed at infinity. Delhi 2010 


21. Draw a labelled ray diagram on a refracting 
telescope. Define its magnifying power and 
write the expression for it. Write two important 
limitations of a refracting telescope over 4 
reflecting type telescope. All India 2013 


LONG ANSWER Type II Questions 


22. (i) A ray PQ of light is incident on the face ABof 
a glass prism ABC (as shown in the figur® 
and emerges out of the face AC. Trace the 
path of the ray. Show that Zi + Ze = 2At ^ 
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where, ô and e denote the angle of deviatio 
and angle of emergence, respectively, ‘ 
plot a graph showing the variation of the 
angle of deviation as a function of angle of 
incidence. State the condition under which 
Zbis minimum. 

(i Find out the relation between the refractive 
index (p) of the glass prism and ZA for the 
case, when the angle of prism (A) is equal to 
the angle of minimum deviation (6, ). 
Hence, obtain the value of the refractive 

‘index for angle of prism A=60°. Delhi2015 


| 13, Draw aray diagram to show refraction of a ray 
of monochromatic light passing through a 
glass prism. Deduce the expression for the 
refractive index of glass in terms of angle of 
prism and angle of minimum deviation. 

Delhi 2012 


Define magnifying power of a telescope. Write 
its expression. 

Asmall telescope has an objective lens of focal 
length 150 cm and an eyepiece of focal length 
5cm. If this telescope is used to view a 100 m 
high tower 3 km away, find the height of the 
final image, when it is formed 25 cm away from 
the eyepiece. Delhi 2012 


14 


NUMERICAL PROBLEMS 


25.- White light is incident on one of the refracting 
surface of a prism of angle 5°. If the refractive 
indices for red and blue colours are 1.641 and 
1.659 respectively, then what will be the 
angular separation between these two colours 
When they emerge out? 


* Consider a telescope whose objective lens has 
a focal length of 100 cm and the eyepiece has 
focal length 1 cm. What will be the 
Magnification of the given telescope? 


27 


* Two lenses of focal lengths 6 cm and 50 cm 
are to be used for making a telescope. Which 
lyou see for the objective? 


' Atay of light, incident on an equilateral glass 


Prism (u, = V3) moves parallel to the base line 


Re € prism inside it. Find the angle of . 
Cidence for this ray. Delhi 2012 


29, 


30. 


31. 


32 


33 
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Aray PQ incident on the refracting face BA is 
refracted in the prism BAC and emerges from the 
other refracting face AC as RS, such that 

AQ= AR. If the angle of prism Z A =160° and 
refractive index of the material of prism is 43, 
then what will be the angle of deviation of the 
ray? 


The following table gives the values of the angle 
of deviation, for different values of the angle of 
incidence, for a triangular prism. 


Angle of incidence | 33° | 38° | 42° | 52° | 60° 71° 


Angle of deviation | 60° 50°| 46° 40° |43 50° 


(i) For what value of the angle of incidence, is 
the angle of emergence likely to be equal to 
the angle of incidence itself ? 

(ii) Draw a ray diagram, showing the passage of a 
ray of light through this prism, when the 
angle of incidence has the above value. 


The near vision of an average person is 25 cm. To 

view an object with an angular magnification of 

10, what should be the power of the microscope? 
NCERT Exemplar 


You are given two converging lenses of focal 
length 1.25 cm and 5 cm to design a compound 
microscope. If it is desired to have a 
magnification of 30, then find out the separation 
between the objective and eyepiece. Delhi2015 


A small telescope has an objective lens of focal 
length 144 cm and an eyepiece of focal length 6 
cm. What is the magnifying power of the 


~ telescope? What is the separation between the 


34. 


35. 


objective and the eyepiece? NCERT 


Atelescope consists of two thin lenses of focal 
lengths 0.3 m and 3 cm, respectively. It is focused 
on moon which subtends an angle of 0.5° at the 
objective. Then, what will be the angle subtended 
at the eye by the final image? 


Asmall telescope has an objective lens of focal 
length 150 cm and eyepiece of focal length 5 cm. 
What is the magnifying power of the telescope 
for viewing distant objects in normal 
adjustments? 

If this telescope is used to view a 100 m tall 
tower 3 km away, then what is the height of the 
tower formed by the objective lens? Delhi 2015 
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36. 


37. 


38. 


39. 


40. 


AB of an equilateral glass 
prism, shows minimum 
deviation of 30°, Calculate the p c 
prism. 
(ii) Find the angle of incidence at face AB, so 
that the emergent ray grazes along the 
For a glass prism( = V3), the angle of minimum 
deviation is equal to the angle of the prism. 
Find the angle of the prism. NCERT Exemplar 
formation of a final image by a compound 
microscope at least distance of distinct 
vision. 
compound microscope is 20. The 
magnification produced by the eyepiece is 5. 
The microscope is focused on a certain 
eyepiece is observed to be 14 cm. If least 
distance of distinct vision is 20 cm, calculate 
the focal length of the object and the 


(i) A ray of light incident of face A 
speed of light through the 
face AC. Delhi 2017 
(i) Draw a labelled ray diagram showing the 
(ii) The total magnification produced by a 
object. The distance between the object and 
eyepiece. Delhi 2014 


A compound microscope uses an objective lens 
of focal length 4 cm and eyepiece lens of focal 
length 10 cm. An object is placed at 6 cm from 
the objective lens. Calculate the magnifying 
power of the compound microscope. Also, 


calculate the length of the microscope. 
All India 2011 


(i) A giant reflecting telescope at an 
observatory has an objective lens of focal 
length 15 m. If an eyepiece lens of focal 
length 1.0 cm is used, find the angular 
magnification of the telescope. 

(ii) If this telescope is used to view the moon, 
what is the diameter of the image of the 
moon formed by the objective lens? The 
diameter of the moon is 3.48x 10° m and the 
radius of the lunar orbit is 3.8x 10° m. 

AU India 2015, All India 2011; NCERT 


| HINTS AND SOLUTIONS | 


1. (a) Given, incidence angle, i = 50° 


Refraction angle, A = 60° 
Minimum deviation, 5 = 2i — A = 50° x 2 — 60° = 40° 


| Allzvone | PHYSICS Clas 
S 124, 


‘ 


2. (b) Given, equilateral prism i.e., A = 60° 


10. 


11. 


3 3 
j=e=-A=-~x pa 
4.) 4g oO =e 


From relation, A + D=ite 
Wehave, 60°+D=2* 45° 

= D = 90° — 60° = 30° 

(a) Since, deviation ô = (u —1) A = (15-1) x 59 _ m 
By geometry, angle of refraction by first surface ig 
But 6 = 9 - r , so, we have, 2.5° = 8 — 5° on solving > 


0 =75°. 
(c) Objective of a compound microscope is a convex 


. lens. Convex lens forms real and enlarged image when 


an object is placed between focus and radius of 


curvature. 


. (d) For least distance of distinct vision, the angular 


magnification of simple microscope is 


Matte = M=1+ DP 


f Power(P) = 7) 
f 


D 
and for normal adjustment M = F =>M=DP>Me«p 


. (a) Given, f, = Fp fe = F2 


We know, angular magnification for telescope 


im|=|£ -|2| a5 
fil | Fe F, 
fol 5 wi) 


. (d) For tel = = 
(d) For telescope | m | IF] 


and length of the telescope 
L=|f,1+| f1=36 

From Eqs. (i) and (ii), 

= f.=6cem and f,=30cm 


..(ii) 


. (a) The main limitation of reflecting telescope is that the 


objective mirror focusses light inside the telescope tube. 


. Wavelength of violet light is smaller than that of red 


light. Also, angle of minimum deviation, 


n =(H -1)A 
= Òm p 
= Hg < Hy 
= (Sm de < (Òn Wy 


As deviation is less for red light, hence angle of deviation 
decreases. 
The relation between the angle of incidence i, angle of 


prism A and the angle of minimum deviation Ôm fora 
A+6,, 


triangular prism is given as i = 


d 
The angular magnification of eyepiece is f T F } 
(4 


. s. 
Hence, as f, decreases angular magnification increas? 


PETET v 
Also, the magnification of the object lens is —- 
u 


w 
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pject lies close the focus of the objective lens 
A Therefore, to increase the magnification f 
v pd be small l 
“iii ound microscope objective lens has smaller 
2 m are and smaller focal length than the eyepiece 
K Jein telescope, the objective has a larger aperture 
a d larger focal length than the eyepiece, 
whenever object is placed within the focus of the 


. onvex lens, We will obtain enlarged image, hence the 


Neon VeX Jens behaves like a magnifying lens. 


magnification of a magnifying glass depends 
gone where it is placed between the user’s eye and the 
object being viewed and the total distance between 
them, while the magnifying power is equivalent to 
angular magnification. 
py increasing the diameter of the objective lens, we can 
increase the range of the telescope because as the 
diameter of lens increases, the area covered by the lens 
also increases, i.e. lens is able to focus on a large area 
there by helping us to view the object better. 


16, Refer to text on page 387. 
17. Advantages of reflecting telescope over refracting 

telescope . 

(i) In reflecting telescope, image formed is free from 
chromatic aberration defect. So, it is sharper than 
image formed by a retracting type telescope. 

(ii) A mirror is easier to produce with a large diameter, so 
that it can intercept rays crossing a large area and 
direct them to the eye-piece. 


p (i) Wrong; as it varies I œ 7 


(ii) Refer to text on pages 383 and 384. 
(iii) Refer to text on pages 387. 
19. (i) Refer to text on pages 384 and 385. 
(ii) f, and f, of compound microscope must be small, so 
as to have large magnifying power as 


- D 
meat 142 


3 Refer to text on pages 384 and 385. 
Refer to text on page 386 and 387. 
Magnifying power (in normal adjustment) of a reflecting 
telescope is the ratio of the focal length of concave 
reflector and the focal length of eyepiece. 


R/2 
E E 
fo fe 
Limitations of refracting telescope over a reflecting 


: € telescope 
(i) Refracting telescope suffers from chromatic 
(i aberration as it uses large sized lenses. 
n It is also difficult and expensive to make such large 
Sized lenses. X 
(i) 


(i pate to text on pages 382 and 383. 
efer to text on pages 382 and 383. 
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Since, ZA = 60° [given] 
j ( oP + a 
sin 
: u= 2 
sin (60? /2) 
_ sing? _ 43 yz 
sin30’ 2 1 
= V3 =1,732 


23. Refer to text on pages 382 and 383. 


24. The magnifying power of a telescope is equal to the 
ratio of the visual angle subtended at the eye by final 
image formed at least distance of distinct vision to the 
visual angle subtended at naked eye by the object at 


infinity. 
Magnification, m = Eelis fo 
ʻO ug Uy 
1 _150x 107 
100 -3x10 
> 1=5x10° m=5cm 


25. Angle of prism, A =5°, [lp =1.641, 5 =1.659 
As we know that, 6=(u-1)A 


So, 55 =(up-1)Aand 5, =(Hg-1)A 
. öp- r= (ttg—Hg)A = (1.659 - 1.641) x5 
= 0.0" 
26. Magnification of telescope is given by 
= fo 100 _ 199 


27. Yes, these lenses can be used for making a telescope. 
Since, the objective lens has large aperture and focal 
length, hence the lens having focal length will be used 
as objective lens. 

28. To draw the ray diagram for the refraction from the 
prism. Following things should be kept in mind. 

(i) Draw normal to the point of incidence. 

(ii) Consider each boundary of the prism as separate 
interface and draw the ray diagram for the refraction 
taking place. 

The reflection of light through prism is shown below. 


By geometry, angle of refraction, r = 30° 
Refractive index, H = 3 | rom Snell's law, y = =) 
sinr 


3 
=> sini = sinr = (/3)sin(30° ) = a 
T 


i T 
Angle of incidence, iaia => i= ; 
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30. (i) i F 52, when prism is adjusted at an angle of ` ; = ‘ 
minimum deviation, then angle of incidence is equal ; P- 23 -50 
to the angle of emergence. : ` 0.5° 0.03 
ence, r=0 ‘ i hen 
: al image is at D, the 
This ray pass unrefracted at AC interface and reaches 35. When fin 8 =f f: 
AB interface. Here, we can see angle of incidence magnifying power, m = ——~ 1+ D 
becomes 30°. z f 
Thus, applying Snell’s law, Sa o In normal adjustment, m = T 
ine p, v3 ’ 
. x V3 For telescope, 
i sın e = V3 sin 30° = ri focal length of objective lens, fo = 150 cm 
Thus, e =60° Focal length of eye lens, te Semn 
3L The least distance of distinct vision of an average When final image forms at ay esis ela 
person, (i.e. D) is 25cm, in order to view an ification, m = —22 ( + £) 
object with magnification of 10. magnification, è D 
Here, v = D = 25cm andu = f —150 it 5 Z150 6 
But the magnification, m=v/u=D/f > 5 25 5 5 
D 
m F = m=-—36 
D 25 Let height of final image be h cm. 
= f =— =~ = 25=0025m h d 100m 1 
m = — tana = = 
preni r pal me anhaa ane, fan = m 30 
= — = 40 P= 
i 0.025 f where, f = visual angle formed by final image at eye 
This is the required power of lens . and a = visual angle subtended by object at objective. 
32. Given, f, =1.25cm, f,=—5cm RAs 
Magnification, m = 30, D= 25cm But m=i. age S287 
If the object is very close to the principal focus of the tana & 
objective and the image formed by the objective is very 30 
close to eyepiece, then magnifying power of a 5 baju h an nafi 6h 
microscope is given by 25 5 
L D = 
sama = hi 36x5 
h Se 6 
=> 39 = —_.25 , ce =—30cm 
1.25 5 Negative sign indicates inverted image. 
= _ 125x305 36. (i) Given, angle of minimum deviation, §,, = 30 
25 x 100 . Angle of prism, A = 60° 
aj pi 25 x 30 La pas 30 By prism formula, reflected index, 
100 4 sin mtA jn 30° +60° 
= L=7.5 cm ots = 2 _ sin4s° 
This is a required separation between the objective and sin A /2 sin30° sin 30° 
the eyepiece. 4 i 
33. Given, focal length of objective lens, f,=144 cm = Ve x2=42 
Focal length of eyepiece, f, =6 cm 5 A 
e _ Speed of light 
Magnifying power of the telescope in normal Also, u = speed of g = yacyum (c) 
adjustment (i.e. when the final image is formed at 20), ; Speed of light in prism (v) 
a oe: eee = ¥ =c/u =(3x10°/V2) m/s 
f 6 ence, speed of light through prism is 
\ (3x10"/V2) m/s Bn p 


.. Separation between lenses, A 
_ ie x (ii) Critical angle į is oj 
L= f, + fe =144+ 6= 150 cm Ble i, is given as 


s 1 
sini, = [sin i al 


sa 
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2 i, = 45° 

A =r+i = 60° 
z5 FOP = iP 
Using Snell’s law, m =? 
5 sin i= V2 sin r = V2 x sinis 
x i=sin™ (V2sin 15°) 


The relationship between refractive ind 
gi. Aand angle of minimum deviation § 
_ sin[(A + 8,,)/2] 
sin (A/2) 


lex, prism angle 
m ÍS given by 


Given, Ôn = A 
substituting the value of ô, we have 
_  sinA 


~ sin(A /2) 


2sin A cos A A 
On solving, we have, p = ——2— 2 = 2ro5 Å 
2 


sin — 
2 
For the given value of refractive index, u = V3, we have 
3 
wian or 4 x50 or A= 60" 
2 2 2 


This is the required value of prism angle. 


38. (i) Refer to text on page 384. 
(ii) Given, magnification, m =20 


Magnification of eyepiece, m, =5 
Least distance vision, D = 20 cm 
Distance between the object and eyepiece, 


L =14 cm 
We know that, magnification, m = m, x m, 
m 20 
> m =—=—= 4 
mo 5 
As, m, =1+ = 


where, f, is focal length of eyepiece. 
= 20 


e 


L +1 i =3 al! 


u 20 5 20 4 


> u, =—4 cm (object distance for eyepiece) 
= L=v,+|u, | 
> vY=L- | u, | 

=14- 4= 10cm 
Magnificat; ; eae 

Bnification produced by object, m, = y 

Object distance for object, 

u = Và an Z110 =- 2.5 cm 

m 4 


Using lens formula for object, 
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oe eo ae E 

f, =2cem 
39. For compound microscope, f, = 4 cm, f. =10 cm, 
u, =- 6cm, v, =- D=-25cm 


PET 1 
For objective lens, fee ARR. 


-= — +4- 
fo Vo ug 4 Vo 6 
1 
> ois Fig si 
vy, 4 6 12 
’. Magnifying power, m= - | í + 2) 
w f 


-B03 


Length of microscope =| v, |+ |u, | 


where, v, = 12 cm 
For eye lens, v, =- 25 em, f, =10 cm,u, =? 
1 ANT 
s, u 
l1 1 1 1 1 
= — = =- 
uv fe -25 10 
i 1_-2-5_ 7 
=> — = — : —- — 
u, 50 50 
=> u, = -7.14 cm 


. Length of microscope =| v, |+ |u, | 
= 12 +7.14= 19.14 cm 
40. (i) For astronomical telescope, 
f, =15m = 1500 cm, f, =1 cm 
x 
Angular magnification, m = - hz- a 
fe 1cm 
=- 1500 
(ii) Given, diameter, D =348x10fm, 
f,=3.8x10°m 


Let œ be the angle subtended by the moon at - 
objective. 
_ D 
Radius of lunar orbit 
3.48X 10° m , 
qe „0 
3.8X 10° m 


Also, then angle subtended by image formed by 
objective on itself, 


a= a (ii) 
G 
where, d = diameter of image. 
From Eqs. (i) and (ii), we get 


348x10° d- fiver} 
3.8x10° 1500 
6 
q= 1500. x 3.48 x 10° = Tih 
3.8 x10 


SUMMARY 


> Reflection of Light It is the phenomenon of change in the path of 
light without any change in medium, 


= Laws of Reflection Incident ray, reflected ray and the normal to 
the reflecting surface at the point of incidence, all lies in the same 
plane. Angle of incidence is always equal to the angle of reflection. 
* Mirror formula is given by, ns, 
vu f 
= Linear Magnification The ratio of size of the image formed by the 
spherical mirror to the size of the object is called linear 
magnification, 
F I -v 
A m = — = — 
O u 
= Refraction It is the phenomenon of change in the path of light as it 
goes from one medium to another medium. 


* Laws of Refraction Incident ray, refracted ray and the normal to 
the refracting surface at the point of incidence, all lies in the same 
plane. 


According to second law, (sin//sinr) =, t,. This is called Snell's 


law of refraction. 

= Refractive Index It is equal to the ratio of speed of light in vacuum 
to the speed of light in the material. 

2 Principle of Reversibility of Light When alight rays, after suffering 
any number of reflections and refractions, its final path is reversed 
and tt travels back along its entire initia! path. 

tsin(i;-—4) 
cosh 

Real depth 

Apparent depth 


* Expression for Lateral Displacement D = 


= Apparent Depth and Real Depth “p,, = 


= Critical Angle The angle of incidence in denser medium 
corresponding to which angle of refraction in rarer medium is 90°. 


= Total Internal Reflection (TIR) The ray on the interface of two 
media should travel in the denser medium. The angle of incidence 
should be greater than the critical angle for the two media. 


* Refraction at Spherical Surfaces The equation which holds the 
good for any curved spherical surface is given by 22 -™ = a4 
v u 
* Lens itis a transparent medium bounded by two surfaces of which 


one or both surfaces are spherical. It is of two types. 


Convex lens is thicker at the centre and thinner at its 
Concave lens is thinner at the centre and thicker at its eS 


I Idad 
a Lens formula ~ u f 


R ; jts 
* Lens Maker's formula 7” u- af R 2 =) 


e Power of a Lens It is the ability to converge or diverge te 
rays of incident light. ; 


Wd 
Also, Pzt- t-i) 


a Prism A prism is a portion of transparent medium 
bounded by two plane faces inclined to each other at a 


suitable angle. 
e Refraction of Light through a Prism The relation between 
angle of deviation and angle of prism is 6 = (u -1)A 


, | 
sin} ——™ 


a Prism Formula It is given by, y = —+———-—= 
sin] | 


* Angle of minimum deviation ô, = (u -1)A 


= Simple Microscope It forms the large image of close and 
minute objects. It is a converging lens of small focal 
length. 


= Compound Microscope It consists of two convex lenses 


coaxially separated by some distance. One is objective 
and another is eyepiece. 


* Astronomical Telescope It has two convex lenses 


coaxially separated by some distance, which is used for 
observing distinct images of heavenly by bodies like stars, 
planet, etc. 


* Refracting and Reflecting Telescope Refracting 


telescope is used for observing the distinct images of 
heavenly bodies like Stars, planets, etc. 


Reflecting telescope is an improvement over refracting 
telescope, 


(CHAPTER 
PRACTICE 


oplECTIVE Type Questions 

4, Relation between focal length (f) and radius of 
curvature (R) of a spherical mirror is 

(a) R= f/2 (b) f =3R 

(à f = R/2 (d) f = R/4 

A convex mirror has focal length 20 cm. If an 


object is placed 20 cm away from the pole of 
mirror, then what is the distance between image 


formed and pole? 
(a) 40 em (b) 10 cm 
(c) 20 cm (d) At infinity 


3, Intotal internal reflection, 
(a) light ray travelling through a denser medium is 
completely reflected back to denser medium 
(b) light ray travelling through a denser medium is 
completely refracted to rare medium 
(c) light ray is partially reflected back to denser 
medium and partially refracted to rare medium 


(d) light ray is absorbed completely by denser medium 


4. Ray of light transmitted from glass (n.= 3/2) to 


water (n = 4/3). What is the value of critical 
angle? 


(a) sin~! E) 
2 

(c)sin™! £) 
9 


S. Tho convex and concave lens are in contact 
and having focal length 12 cm and 18 cm, 
respectively. Focal length of joint-lens will be 
(a) 50 cm (b)45cm (c)36cm (d) 18 cm 


i a lenses are kept in contact with powers 
2D and - 4D. The focal length of this 


combination will be : 
() +50 cm (b) - 50cm 
~ 25cm (d) + 25cm 


l Athin lens of glass (u = 1.5) of focal length + 10 cm 


isi 
kane in water (u = 1.33). The new focal 


*) 20em (b) 40cm (c) 48cm (d) 12cm 


8. Aplot of angle of deviation D versus angle of 
incidence for a triangular prism is shown below. 


The angle of incidence for which the light ray 
travels parallel to the base is 


Cc 
Q 
g 50 f-— \ 
3 
ue) 
5 i 
2 40° i 
[e] 1 
ç 0 z 
< 30° 45 6&0 
Angle of incidence 
(a) 30° (b) 60° 
(c) 45° (d) Data insufficient 


9. Anequilateral prism is in condition of 
minimum deviation. If incidence angle is 4/5 
times of prism angle, then minimum deviation 
angle is 

(a) 72° (b) 60° (c) 4 (d) 36° 


10. Advantage of reflecting telescopes are 
(a) no chromatic aberration 
(b) parabolic reflecting surfaces are used 
(c) weighs of mirror are much less than a lens of 
equivalent optical quality 
(d) All of the above 


11. When a wave undergoes reflection at an 
interface from rarer to denser medium, 
then change in its phase is CBSE 2020 


(a) = (b)zero (o) (a) = 
2 4 


12. Abi-convex lens of focal length f is cut into two 
identical plano-convex lenses. The focal length 
of each part will be CBSE 2020 


af we ()2f 4f 


13. biconcave lens of power P vertically splits into 
two identical plano-concave parts. The power 


of each part will be CBSE 2020 
P 

@2 HÈ OP (yt 
2 J2 
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ASSERTION AND REASON 


Directions (Q. Nos. 14-19) 


In the following 


questions, two statements are gi 

; given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 


i4. 


15. 


16. 


17. 


18. 


19. 


(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. ; 

(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 


(c) Assertion is true but Reason is false. 

(d) Assertion is false but Reason is true. 
Assertion Aray of light incident along the 
normal to the plane mirror retraces its path 
after reflection from the mirror. 

Reason Aray of light along the normal has 
angle of incidence as 1/2 and hence, it retraces 
its own path after reflection from mirror. 


Assertion Refractive index of glass with 
respect to air is different for red light and 


violet light. 
Reason Refractive index of a pair of media 
depends on the wavelength of light used. 


Assertion Propagation of light through an 
optical fibre is due to total internal reflection 


taking place at the core-clade interface. 
Reason Refractive index of the material of the 
core of the optical fibre is greater than that of 


air. 
Assertion The refractive index of diamond is 


V6 and that of liquid is v3. If the light travels 
from diamond to the liquid, it will initially 
reflected when the angle of incidence is 45°. 


Reason p= = where pis the refractive index 
sin 


of diamond with respect to liquid. 
Assertion Convergent lens property of 
converging remains same in mediums. 

Reason Property of lens whether the ray is 
diverging or converging depends on the 
surrounding medium. 

Assertion By roughening the surface of a glass 
at sheet its transparency can be reduced, 
Reason Glass sheet with rough surface absorbs 


more light. 


CASE BASED 
tions (Q.No. 
mi based questions. Attempt any 4 sub-parts 
from eac 
20. Refraction of L 
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QUESTIONS 


20) These questions are cag, 


h question. Each question carries 1 map, 
ight 
Refraction involves change in the path of light 
ge in the medium. 


due to chan 
I 
Incident ray T rma 


Reflected, 
ray 


surface _/\ T] 


'Refracted ray 


encounters another 


When a beam of light 
transparent medium, a part of light gets 
reflected back into the first medium while the 


rest enters the other. The direction of 
propagation of an obliquely incident ray of 
light, that enters the other medium, changes at 
the interface of two media. This phenomenon is 
called refraction of light. 

(i) Which of the following quantity remains 


unchanged after refraction? 
(a) Speed of light 
(b) Intensity of light 
(c) Wavelength of light 
(d) Frequency of light 

(ii) A ray of light strikes an air-glass interface at 
an angle of incidence (i= 60°) and gets 
refracted at an angle of refraction r. On 
increasing the angle of incidence (i > 60°), 
the angle of refraction r 
(a) decreases (b) remains same 
(c) is equal to 60° (d) increases 

(iii) When an object lying in a denser medium is 
observed from rarer medium, then real 
depth of object is 
(a) more than that observed 
(b) less than that observed 
(c) equals to observed depth 
(d) depends on angle of vision 

(iv) For the same angle of incidence, the angles 
of refraction in media P, Q and R are 35°, 25° 
and 15°, respectively. Which of the following 
relation hold true for the velocity of light m 
medium P, Q and R? 
(a) Vp < Vo <Vp 
(c) Vp >Vo > Vp 


(b) vp <VR <Q 
(d) vp >Vp 7 YQ 


optics and Optical Instruments 
| oy 
Alight ray enters from medium A to medium 


g as shwon in figure. The refractive index of 
medium B relative to A will be 


() 


Medium B 


Medium A 
(a) greater than unity 
(c) equal to unity 


(b) less than unity 
(d) zero 


RY SHORT ANSWER Type Questions 


, At what angle, is a ray of light falling normally 
on a mirror reflected? 


4, Does size of mirror affect the nature of the 
image? 
23, Why are danger signals red in colour ? 


1 


14, Why does a convex lens of glass u = 1.5 behave 
as a diverging lens when immersed in carbon 
disulphide of p = 1.65? 


15, Why does rising sun appear oval shaped? 


SHORT ANSWER Type Questions 


26. Where should an object be placed from a 
convex lens to form an image of the same size? 
Can it happen in case of a concave lens? 


17. Derive the expression for the effective focal 
length of two thin lenses in contact. 


28. Discuss refraction of monochromatic light 
through a prism and derive its relation. 


29, A4cmtall light bulb is placed at a distance of 
8.30 cm from a double convex lens having a focal 
length of 15.2 cm. Calculate the position and size of 
the image of the bulb. 


LONG ANSWER Type I Questions 


D, Minimum deviation suffered by violet, yellow 
and red beams passing through an equilateral 
transparent prism are 39.2°, 38.7 and 38.4", 
Tespectively, Calculate the dispersive power in 

} e medium. 

l Abeam of ht strikes a glass sphere of 

ditmet ght strikes a glass sp l 
er 15 cm converging towards a point 
cm behind the pole of the spherical surface. 


A e 
İş a Position of the image, if u of glass 
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LONG ANSWER Type II Questions 


32. (i) Explain with reason, how the power of a 


diverging lens changes when (a) it is kept in 
a medium of refractive index greater than 
that of the lens. (b) incident red light is 
replaced by violet light. 

(ii) Three lenses Ly L, and L each of focal 
length 30 cm are placed coaxially as shown 
in the figure. An object is held at 60 cm from 
the optic centre of lens L, The final real 
image is formed at the focus of L,. Calculate 
the separation between (a) (L, and L,) and 
(b) (L, and L,). All India 2017 C 


33. (i) Deduce the expression by drawing a suitable 


ray diagram for the refractive index of a 
triangular glass prism in terms of the angle 
of minimum deviation (D) and the angle of 
prism (A). ; 

Draw a plot showing the variation of the 
angle of deviation with the angle of 
incidence. 

(ii) Calculate the value of the angle of incidence 
when a ray of light incident on one face of 
an equilateral glass prism produces the 
emergent ray, which just grazes along the 
adjacent face. Refractive index of the prism 
is V2. All India 2017C 


ANSWERS 


1. (c) 2. (b) 3. (c) 4. (c) 5. (c) 
6. (b) 7. (b) 8. (c) 9. (d) 10. (d) 
1L (c) 12. (c) 13. (b) 


14. (c) Angle of incidence = Angle between incident ray and 


normal to the mirror = 0° 


Reflected ray 


Incident ray, 
Normal 


= Angle of reflection=0° (from laws of reflection) 


Hence, the reflected ray retraces its path along the 
normal at an angle 0° with normal. 
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15. (a) Refractive index of any pair of media is inversely 
proportional to wavelength of light, 
Hence, he =A 
T My >M, 
where, À, and À, are the wavelengths of violet and red 
light and jt, and p, are refractive index of violet and red 
light. 

16. (b) Optical fibre communication is based on the 

phenomenon of total internal reflection at core-clad 
interface. : 
The refractive index of the material of the cladding, 
hence, light striking at core-cladding interface gets 
totally internally reflected. The light undergoes and 
reaches the other end of the fibre. 


17. (a) Refractive index of diamond w.r.t. liquid 


1 ~ 1 Uu 
Mt ae Ly 
ve 1 
=> FE S 
3 sinC 
1 
=> sinC =—= =sin45° 
2 
C =45° 


18. (d) In air or water a convex lens made of glass behaves 
as a convergent lens but when it is placed in carbon 
disulfide, it behaves as a divergent lens. Therefore, when 
a convergent lens is placed inside a transparent medium 
having refractive index greater than that of material of 
lens, it behaves as a divergent lens. 


19. (c) When glass surface is made rough, then light 
incident on it is scattered in different directions. Due to 
which its transparency decreases. There is no effect of 
roughness on absorption of light. 


20. (i) (d) Refraction does not change the frequency of light. 
(ii) (d) From Snell's law of refraction, 
P sin į . 
g = = constant v(i) 
siny 


Since, angle of incidence increase, the angle of 


refraction has to increase. So, that the ratio gny isa 
sinr 
constant according to Eq. (i). 
(iii) (a) When an object lying in a denser medium is 


observed from rarer medium, then real depth of obj t 
is more than that observed depth. f ii 


(iv) (¢) As, ino , 
ikr (i) 
or oc mes 
sinr 


~ His maximum for R, since r is minimum and hence 
sin ris minimum. ' 
Also, u= -+(ii) 


21. 


22. 


23. 


24. 


25. 
26. 
27. 
28. 


29. 
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ifp is maximum, v is minimum, i.e. velocit, 
inimum in 


medium R and order of velocity 
> VR 


bends towards the no 
hat, ray of light rn 
(v) (a) We ya medium A to medium B. And we kn 
i age ray goes from rarer to denser medium, i 
nat, 
wards normal. 
es Pasi refractive index of B is greater than 
oy refractive index of B relative th 
i 2 Refractive index of B/Refractive index of A, Since, 
A aiclite index of B > Refractive of A. Therefore 
refractive index of B relative than A >1. 
i ‘ch is incident normally on a mirror ; 
light which is incident mirror, i 
e doni the same path, i.e. the angle of incidence 
as well as the angle of reflection is zero. 
Nature of the image is independent of the size of mirror. 
Image can be real or virtual depending upon the 


position of object. , 

The colour red is used for danger signals because red 
light is scattered the least by air molecules. The effect of 
scattering is inversely, related to the fourth power of the 


Therefore, 
of light ism 
will be vp 7 Yo 


1 : ; 
wavelength, ie. œ e of colour, so red light is able to 


travel the longest distance through fog, rain and the 
alike. 


1.5 
Here, p= “Est <1 


(i 


ea i =(u -aż - 2] Hence, it becomes negative. 
f R R, 

So, it behaves like a diverging lens. 

Sun appears oval shaped due to atmospheric refraction. 
Refer to the text on page 374. 

Refer to the text on page 375. 


Refer to the text on pages 382 and 383. 


i 1 1 
Sedis tool gdi 
fod, d, ~ 15.2 830 d; 
0.0658 = 0.120 + $ 
i 
> ~00547 = 1 
d, 
~183 cm = d, 
Also here, d, = -183 cm 
Pa 
h d, 
=> h = _ (-183) 
(4.00) 830 


8.30 
h =881cm 


aay Optics and Optical Instruments 


Okt 
. ` — Hy a Ht, A ji *) 
. ersive power = ——— = 
g0. -DISP p My =1 5, 
A 


_ 39.2-384 
387 


[8 =(u-1)A] 
= 0.0204 


3l. Here, H = Ly =15,u = -e R= =75cm 


v u R 
32. (i) (a) Refer to text on page 373. 


(b) Power of a lens increases if red light is replaced by 
violet light because 


1 1 1 
Pe = - 2. — 
p Aa, 


As refractive index is maximum for violet light in visible 
region of spectrum. 


(ii) Refer to Q. 34 on page 378. 


33. (i) Refer to text on pages 382 and 333. 
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(ii) Given, the emergent ray grazes along the face AC, 
A 


n =60-r7 =15 
a wale 
sin15° 


. i wave optics. Th 
The connection between waves and rays of light is ie bf titel by tan 
theory of light was put forward by Huygens’ in n which travels in the form m 
According to this theory, light is a form of oa ds upon the nature oPimedi 
transverse wave. The speed of light in a medium sae iene (ie Gate cncear re 
In this chapter, we will study about the various pheno t, 


diffraction of light ) related to the wave nature of light. 


WAVE OPTICS 


| TOPIC 1| 
Huygens’ Principle 


As discussed above, the speed of light in a medium depends upon the nature of 
the medium. Huygens supposed the existence of a hypothetical medium called 
“luminiferous ether” which filled the entire space.This medium was supposed 
to be massless with extremely high elasticity and very low density. 


WAVEFRONT 


Ir is the locus of points (wavelets) having the same phase (a surface of constant 
phase) of oscillations. A wavelet is the point of disturbance due to propagation of 
light. A line perpendicular to a wavefront is called a ray, 
Depending on the shape of source of light, 
which are given below 


(i) Spherical wavefront When the source of light is a point source, the 
wavefront is a sphere with centre as the source. 


$ CHAPTER CHECKLIST 
* Huygens’ Principle 

e Interference of Light 

° Diffraction of Light 


wavefronts can be of three types, 


Ray 


Wavelront 


Spherical wavefront 


. drial wavefront When the sour 
ega straight line source, 
heh yre. All the points equidistant from the source 
he on a cylinder. Therefore, the wavefront is 


gindrial in shape. 


ce of light is 


Wavefront 


Cylindrical wavefront 


ii) Plane wavefront When the point source or linear 
source of light is at very large distance, a small portion 
of spherical or cylindrical wavefront appears to be 
plane. Such a wavefront is called a plane wavefront. 


wavefront 


Plane wavefront 


Hence, the wavefront is a surface of constant phase. 


The speed with which the wavefront moves outwards 
from the source is called the speed. of the wave. The 


energy of the-wave travels in a direction perpendicular 
to the wavefront. 


Light rays 


Plane wavefront 


HUYGENS PRINCIPLE 


era a geometrical construction, which gives the 
bectmine. r wavefront at any time and allows us to 

tding ¢ e shape of the wavefront at a later time. 
() 8 to Huygens’ principle, 


wh point on the given wavefront (called primary 
tont) is the source of a secondary disturbance 
am ita wavelets) and the wavelets emanating 
speed Ese points spread out in all directions with th 
fth 


OF the wave, 


slit etc. as shown in. 


40] 


(ii) A surface touching these secondary wavelets, 
tangentially in the forward direction at any instant 
‘gives the new wavefront at that instant. This is called 
secondary wavefront. 


In Fig.(a), FF, is the section of the given spherical wavefront 
and GG, is the new wavefront in the forward direction. In 
Fig.(b), AF is the section of the given plane wavefront and 
G,G, is the new wavefront in the forward direction. 


Note Huygens’ argued that the amplitude of the secondary 
wavelets is maximum in the forward direction and zero in th 


backward direction. Hence, the backward secondary waveiront i 
absent. 


72) 


Refraction and Reflection of Plane 
Waves Using Huygens’ Principle 
Huygens’ principle can be used to explain the phenomena 


of reflection and refraction of light on the basis of wave 


theory of light. 


Laws of Reflection at a Plane Surface 


Let 1, 2, 3 be the incident rays and 1’,2’,3’ be the 
corresponding reflected rays. 

N N l 

3 Incident l 

' + 

| wavefront ; Y 

| <8 

j f Reflected 

i ne wavefront 

L] 


Laws of reflection by Huygens' principle 


Ife is the speed of the light, ¢ is the time taken by light to go 
from B to C or Ato D or E toG through F, then 
EF FG 
t=—+— 
Go ect 
EF 
In AAEF, sin i =—— 
n sini=— 


A) 


In AFGC, sinr= FG. 
FC 
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_AF sini FCsinr 
= ———_ + 

c c 
- ACsin r+ AF (sin f —sin vr) 

p 

For rays of light from different parts on the incident 
wavefront, the values of AF are different. But light from 
different points of the incident wavefront should take the 
same time to reach the corresponding points on the 
reflected wavefront. 
So, z should not depend upon AF.This is possible only, if 


sin 7 —sin r =0 


or t 


Relies [e FC = AC - AF] 


i.e. sin j =sinr 
or Li=£r 

which is the first law of reflection. 
Further, the incident wavefront AB, the reflecting surface 
XY and the reflected wavefront CD are all perpendicular to 
the plane of the paper. Therefore, incident ray, normal to 
the mirror XY and reflected ray all lie in the plane of the 
paper. This proves the second law of reflection. 


Laws of Refraction (Snell’s Law) at a Plane 


Surface 
Let 1, 2, 3 be the incident rays and 1’,2’,3’ be the 


corresponding refracted rays. 


.«- (ii) 


= 


D 
m 
g 
3 
2 
2 
= 
3 


Medium 1 
X A 
Medium 2 Denser medium 
V2, H2 
7 


O 
D Refracted 
wavefront 


Laws of refraction by Huygens’ principle 


Ifv,, v, are the speeds of light in the two media and ¢ is the 
time taken by light to go from B to C or A to D or E toG 
EF FG 


t=—+— 
vı v3 

. .. EF 
sin í = — 
AF 
, FG 
sin r = — 
FC 

AF sini | FCsinr 


vi V2 


through F, then 


In AAFE, 


In AFGC, 


++ (iii) 


=> t= 
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t 
vi Vv, 


= re 
t from different parts on the incig 
lues of AF are different. But light "ts 
f the incident wavefront should take i 
he corresponding points on th 
+ should not depend upon 4p 


For rays of ligh 
wavefront, the va 
different points © 
same time to reach t 
refracted wavefront. So, 
This is possible only, if 


sin? sin? _9 
vi V2 
siní 1i , 
=L ; 
ae -e (iy 
Ei sinr V2 ) 


if c represents the speed of light in vacuum, then 


Now, 
n as the refractive indices of 


c 
W =< and; = — are know 
Vv; Va ; 
medium 1 and medium 2, respectively. 
In terms of refractive indices, Eq. (iv) can be written as 
u sin? =p, sinr 
sin? 
=> Lec 
sinr 
This is known as Snell’s law of refraction. 
Further, if A, and À, denote the wavelengths of light in 
medium 1 and medium 2, respectively and if the distance 


BC is equal to À, then the distance AD will be equal toi, 
thus 


dy BC Be 
A, AD vy 
or bo 
À; 2 
= Vi =V, Bad 


Hence, the frequency does not change on refraction. 


Thus, frequency v being a characteristic of the source, 
remains the same as light travels from one medium © 
another. 

ne de adie is directly proportional to the (phase) 
peed and inversely proportional to refractive index. 


cÀ Cc 


S evour of Prism, Lens and Spherical 
irror Towards Plane Wavefront 


(i) dae ofa prism Since, the speed of light waves 
St e glass, so the lower portion of the incoming 
nt (which travels through the greatest thickness 


i optics 
ja 


„ss prism) will get delayed resulting in a tilt in the 
fee ing wavefront. 


\ 
geo, i" 
ane 


Reflection of plane wave by a thin prism 


Incident 
plane wave 


» pehaviour ofalens The central part of the incident 
(i jane wave traverses the thickest portion of the lens 
ind is delayed the most. 


pueto this, the emerging wavefront has a depression at 
the centre. Therefore, the wavefront becomes spherical 
and converges to the point F which is known as the 
focus. 


Incident 
plane wave 
e 
ó 


Spherical wavefront 
Reflection of plane wave by convex lens 


(ii) Behaviour of a spherical mirror The central part of 
the incident wavefront travels the largest distance 
before reflection from the concave mirror. Hence, gets 
delayed, as a result of which the reflected wavefront is 
spherical which converges at the focal point F. 


Concave 
mirror of 
o radius R 
zg 
OS 
Ae] o . 
egr F 
a . 


Spherical wavefront of radius R/2 


Reflection of plane wave by concave mirror 


SAMPLE J1) 
" Men Monochromatic light is incident on a surface 
parating two media, the reflected and refracted lights 
oth have the same frequency as the incident 
fy ®quency, Explain, why? 
tp ên light travels from a rarer to a denser medium, the 
ced decreases, Does the reduction in speed imply a 
SoL (i) Re On in the energy carried by the light wave? 


flection and refraction arises through interaction of 
incident light with the atomic constituents of matter. 
hee May be viewed as oscillators, which take up 
f 4 frequency of the external agency (light) causing 
Iced oscillations, 
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The frequency of light emitted by a charged sae 
equals its frequency of oscillation. Thus, z 
frequency of scattered light equals the frequency O 
incident light. 

(ii) No, the energy carried by a wave depends on the 
“amplitude of the wave, not on the speed of wave 
propagation. 


EXAMPLE |2| A plane wavefront is incident from air 
(u =1) at an angle of 37° with a horizontal boundary of a 


a 3 a 
refractive medium from air of refractive index p = A Find 


the angle of refracted wavefront with the horizontal 
boundary. , 
Sol. It has been given that incident wavefront makes 37° with 
horizontal. Hence, incident ray makes 37’ with normal 
as the ray is perpendicular to the wavefront. 


N- Incident 


Incident ray wavefront 


sin53° 


Now, by Snell’s law, —— = 3 
sinr 2 
- ae 
= sinr = — X sm53° 


r=sin™' (0.66 x 0.79) 


= 3133° 


which is same as angle of refractive wavefront with 
horizontal. 


DOPPLER’S EFFECT IN LIGHT 


According to this effect, whenever there is a relative motion 
between a source of light and observer, the apparent 
frequency of light received by observer is different from the 
true frequency of light emitted actually from the source of 
light. Astronomers call the increase in wavelength due to 
Doppler effect as red shift, since a wavelength in the middle 
of the visible region of spectrum moves towards the red end 
of the spectrum. 


When waves are received from a source moving towards the 
observer, there is an apparent decrease in wavelength, this is 


referred to as blue shift, 
The fractional change in frequency is given by | 
AV V radial 


Vv c 
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where, Y radia iS the component of the source velocity along 
the line joining the observer to the source relative to the 
observer. v dia} is considered positive, when the source 
moves away from the observer. The above formula is valid 
only when the speed of the source is small compared to that 
of light. 


EXAMPLE |3] What speed should a galaxy move with 
respect to us so that the sodium light at 589 nm is 
observed at 589.6 nm? 
SoL Since, vA =c, 
ay AA [for small changes in v and A] 


=> M nents 
v a 
Here, AÀ = (589.6 — 589) nm = 0.6 nm 
We know that, Av __ AA _ Yndia 
v À c 

‘ v =+ (25) 
7 p 589 

= 3.06x 10° m/s 

= 306 km/s 


Therefore, the galaxy is moving 306 km/s away from us. 


Applications of Doppler’s Effect in 
Light 
Some important applications of Doppler’s effect are as 
given below 
(i) Measuring the speed of stars and galaxies. 
(ii) Measuring speed of rotation of the sun. 
(iii) Estimation of velocity of aeroplanes, rockets and 
submarines, etc. 


| TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 
1. Huygens' principle of secondary wavelets may 
be used to 
(a) find the velocity of light in vacuum 
(b) explain the particle’s behaviour of light 
(c) find the new position of a wavefront 
(d) explain photoelectric effect 


2. Which one of the following phenomena is not 
explained by Huygens’ construction of 


wavefront? i 
(a) Refraction (b) Reflection 
(c) Diffraction (d) Origin of spectra 


3. 
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direction of wavefront of a wave with the 


ia tion is 

mo , 
aa (b) perpendicular 
ap (d) at an angle of 0 


(c) opposite 

Ray diverging froma p 

wavefront are 

(a) cylindrical 

(c) plane 

According to Huygens’ principle, each point of 

the wavefront is the source of 

(a) secondary disturbance 

(b) primary disturbance 

(c) third disturbance 

(d) fourth disturbance 

When light is refracted into a denser medium 

(a) its wavelength and frequency both increases 

(b) its wavelength increases but frequency remains 
unchanged 

(c) its wavelength decreases but frequency remains the 


same 
(d) its wavelength and frequency both decreases 


oint source ona 


(b) spherical 
(d) cubical 


The Doppler effect is produced if 
(a) the source is in motion 

(b) the detector is in motion 

(c) Both (a) and (b) 

(d) None of the above 


In the context of Doppler effect in light, the 
term red shift signifies 

(a) decrease in frequency 

(b) increase in frequency 

(c) decrease in intensity 

(d) increase in intensity 


VERY SHORT ANSWER Type Questions 


9, 
10. 


12. 


Define a wavefront. Foreign 2009 


In the given figure, there are two points P and 
Q, what is the phase difference between them? 


P. 


Q 


State H ERT 
Wavelets ot principles of secondary 


Ifa pl 
hes an. © wavefront is incident on a prism, 
w the refracted wavefront. 


gore? ai 


(3 


raw the wavefront coming out from a convex 
ans when a point source of light is pl 


focus. 


aced at its 
Foreign 2009 


yoRT ANSWER Type Questions 
, 


j$ (i) 


(5. 


Ss 


20. 


u. 


i pifferentiate between a ray and a wavefront. 


j) What is the phase difference between 


; an 
two points on a wavefront? : 


What is the shape of the wavefront on earth for 
gunlight? NCERT Exemplar 


construct a diagram to show the wave 
characteristics of light. 


Light of wavelength 5000 A propagating in air 
gets partly reflected from the surface of water. 
How will the wavelengths and frequencies of 
the reflected and refracted light be affected? 

All India 2015 


Consider a point at the focal point of 
convergent lens. Another convergent lens of 
short focal length is placed on the other side. 
What is the nature of the wavefronts emerging 
from the final image? NCERT Exemplar 


Discuss Doppler’s effect in the electromagnetic 
waves. 


Define a wavefront. Using Huygens’ principle, 
verify the laws of reflection at a plane surface. 
CBSE 2018 


ls Huygens’ principle valid for longitudinal 
sound waves? NCERT Exemplar 


LONG ANSWER Type I Questions 


N, 


| 
. 
| 


Define the following terms and give its source 
of origin. 

() Spherical wavefront 

(ti) Plane wavefront 


(ii) Cylindrical wavefront 


Choose the statement as right or wrong and 

Justify, 

() Light is longitudinal wave, which gives the: 
_. Sensation of vision. 

ü) A Wavefront is a continuous locus of all 

Points in which all particles vibrate in 
ferent phase. 

Rays of light are always normal to its 

Wavefront. 


(ii) 


24. 


26. 


27. 


28. 


29. 


30. 


31. 
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Using Huygens’ geometrical construction of 
wavefronts, show how a plane wave gets 
reflected from a surface. Hence, verify laws of 
reflection. [CBSE 2019 Delhi] 


Use Huygens’ principle to show how a plane 

wavefront propagates from a denser to rarer 

medium. Hence, verify Snell’s law of refraction. 
Delhi, 2015 


Define a wavefront. Use Huygens’ geometrical 
construction to show the propagation of plane 
wavefront from a rarer medium 

(i) to a denser medium. 


(ii) undergoing refraction, hence derive Snell’s 
law of refraction. Foreign 2012 


Use Huygens’ principle to verify the laws of 
refraction. Delhi 2011 


What is the shape of the wavefront in each of 
the following cases? 
(i) Light diverging from point source. 
(ii) Light emerging out of a convex lens when a 
point source is placed at its focus. 
(iii) The portion of the wavefront of light from a 
distant star intercepted by the earth. 
NCERT 
Define the term wavefront. State Huygen's 
principle. Consider a plane wavefront incident 
on a thin convex lens. Draw a proper diagram 
to show how the incident wavefront traverses 
through the lens and after refraction focusses 
on the focal point of the lens, giving the shape 
of the emergent wavefront. All India 2016 


(i) Use Huygens’ geometrical construction to 
show the behaviour of a plane wavefront, 
(a) passing through a biconvex lens 
(b) reflected by a concave mirror. 

(ii) When monochromatic light is incident on a 
surface separating two media, why does the 
refracted light have the same frequency as 
that of the incident light? 


You have learnt in the text how Huygens’ 
principle leads to the laws of reflection and 
refraction.Use the Huygens’ principle to deduce 
directly that a point object placed in front of a 
plane mirror produces a virtual image whose 
distance from the mirror is equal to the 
distance of the object from the mirror. NCERT 
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LONG ANSWER Type II Questions 
33. 


(i) State Huygens’ principle. Using this principle, 
draw a diagram to show how a plane 
wavefront incident at the interference of the 
two media gets refracted when it propagates 
from a rarer to a denser medium. 

Hence, verify Snell’s law of refraction. 

(ii) Is the frequency of reflected and refracted 
light same as the frequency of incident 
light? Delhi 2013 


(i) Use Huygens’ geometrical construction to show 
how a plane wavefront at t = 0 propagates and 
produces a wavefront at a later time. 

(ii) Verify, using Huygens’ principle, Snell’s law 
of refraction of a plane wave propagating 
from a denser to a rarer medium. 

(iii) When monochromatic light is incident on a 
surface separating two media, the reflected 
and refracted light both have the same 
frequency. Explain, why ? Delhi 2013C 


34. 


(i) Aplane wavefront approaches a plane surface 
separating two media. If medium 1 is optically 
denser and medium 2 is optically rarer, using 
Huygens’ principle, explain and show how a 
refracted wavefront is constructed? 

(ii) Verify Snell’s law. 

(iii) When a light wave travels from a rarer to a 
denser medium, the speed decreases. Does it 
imply reduction in its energy? Explain. 


NUMERICAL PROBLEMS 


36. Light of wavelength 5000 A falls on a plane 
reflecting surface. What are the wavelength and 
frequency of the reflected light? For what angle 
of incidence is the reflected ray normal to the 
incident ray? NCERT 


35. 


(i) The refractive index of glass is 1.5. What is 
the speed of light in glass? (Speed of light in 
vacuum is 3x 10° ms”) 

(ii) Is the speed of light in glass independent of the 
colour of light? If not, which of the two colours 
red and violet travels slower in a glass prism? 

NCERT 


37. 


38. The 6563 AH,,-line emitted by hydrogen ina 
star is found to be red shifted by 15 A. Estimate 
the speed with which the star is receding from 
the earth. NCERT 


39. 


40. 


1. 
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The spectral line for a given element in light 
received from a distant star is shifted toward 
the longer wavelength by 0.032%. Deduce the 


velocity of star in the line of sight. 


Monochromatic light of wavelength 589 nm is 
incident from air on a water surface. What mi 
the wavelength, frequency and speed of 


(i) reflected and 


(ii) refracted light? (p of water is 1.33) cpp, 


| HINTS AND SOLUTIONS 


(c) Every point on a given wavefront act as a secon 
source of light and emits secondary wavelets which 
travels in all directions with the speed of light in the 
medium. A surface touching all these secondary 
wavelets tangentially in the forward direction, gives 
new wavefront at that instant of time. 

(d) Huygens’ construction does not explains 
quantisation of energy and it is not able to explain 
origin of spectrum. 

(b) Wavefront is a surface perpendicular to a ray buta 
wavefront moves in the direction of the light. 


. (b) Wavefronts emitting from a point source are 


spherical wavefronts. 
Spherical 


Rays are 
perpendicular 


Point o to wavefronts 

source 
Wavefronts 

are concentric 


spheres 


Light rays 


- (a) According to Huygens’ principle, each point of the 


wavefront is the source of a secondary disturbance an 
the wavelength emanating from these points spread out 
in all directions with the speed of the wave. 
(c) Wavelength is dependent on refractive index medium 
by 

a 

Ay Hi 
So, in denser medium, p, >p}, so A, >A (ie. wavelength 
cee as the light travels from rarer to denser me 

c=VA 

(c) In the case of Doppler's effect, there is a relative 
motion between source and detector. 


- (a 
(a) When source moves away from the observe! 


ts observed is smaller than that emitted fror, be 
source and (as if light emitted is yellow but yw 
erved as red) this shift is called red shift. 


yefront is the locus of points (wavelet i 
9, ue phase of oscillations, 8) having the 
s 


gince, the two points P and Qare at the same locus of 
the source S, so the phase difference between them 


speed of wave. 


ii) A surface touching these secondary wavelets 
tangentially in the forward direction at any instant 
gives the new wavefront at that instant. 


oid goo 
“or 


Reflection of plane wave by a thin prism 


Incident 
plane wavefront 


13, The wavefront in the given condition is shown below in 


figure. 


wavefront 


Refracted wavefront 


| 14. Refer to the text on pages 400 and 401, 

| 15, We know that, the sun is at very large distance from the 

| earth. Assuming sun as spherical, it can be considered as 

| point source situated at infinity. 

| Due to the large distance the radius of wavefront can be 
considered as large (infinity) and hence, wavefront is 
almost plane. 


O Earth 


Almost 
plane 
wavefront 


6. Refer to the text on pages 400 and 401. 

na frequency and wavelength of reflected wave will 
la The refracted wave will have same 
v= y. The velocity of light in water 1s given by 
Where, y = velocity of light 

f= frequency of light 
À = wavelength of light 


If yel,: 
ae Will decrease, then wavelength (A) will also 
Se, 
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18. Consider the ray diagram shown below 


Wavefront 
(spherical) 


The point image J, due to L; is at the focal point. Now, 
due to the converging lens L,, let the final image formed 
be I which is a point image, hence the wavefront for this 
image will be of spherical symmetry. 

19. Refer to the text on pages 403 and 404. 

20. Wavefront It is the locus of points (wavelets) having the 
same phase (a surface of constant phase) of oscillations. 
Laws of reflection at a plane surface (On Huygens’ 
principle) : 

Let 1, 2, 3 be the incident rays and 1’, 2’, 3’ be the 
corresponding reflected rays. 


Laws of reflection by Huygens’ principle 


If c is the speed of the light, t is the time taken by light to 
go from B to C or A to Dor E to G through F, then 


t=—+— ..(i) 
c c 


In AAFF, ae 
AF 


In AFGC, sinr= Xi 
FC 


_ AP sini, FCsinr 
¢ ¢ 
į = ACsin r + AF (sin i—sin r) 
¢ 


or t 


or 


(. FC = AC - AF) 
For rays of light from different parts on the incident 
wavefront, the values of AF are different. But light from 
different points of the incident wavefront should take the 
same time to reach the corresponding points on the 
reflected wavefront. 
So, t should not depend upon AF.T ais is possible only if 

sin i - sin r =0 

Le. sin i =sinr 
or Zi=Zr ...(ii) 
which is the first law of reflection. 
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Further, the incident wavefront AB, the reflecting 
surface Xx} and the reflected wavefront CD are all 
perpendicular to the plane of the paper. Therefore, 


incident ray, normal to the mirror XY and reflected ray 


lie in the plane of the paper, iis i 
. Ti S 
ref] ti 15 second law of 


21. When we are considering a point source of sound 
wave. The disturbance due to the source propagates in 
spherical symmetry, i.e. in all directions. 


SU 


The formation of wavefront is in accordance with 
Huygens’ principle. So, Huygens’ principle is valid for 
longitudinal sound waves also. 
22. Refer to text on pages 400 and 401. 
23. Refer to text on pages 400 and 401. 
(i) wrong (ii) wrong 
(iii) Right 
24. Refer to the text on pages 401 and 402. 
25. Refer to text on page 402. 
26. Refer to text on pages 400 and 402. 
27. Refer to text on page 402. 
28. (i) Refer to text on page 402. 


(ii) Refer to Q. 13 on page 405. 

(iii) As, the star (ie. source of light) is very far off, i.e. at 
infinity, the wavefront intercepted by the earth 
must be a plane wavefront. 


Plane wavefront 
er 


p 

| Rays of light 
‘ 

i 


he 
—t S E aa 


29. Refer to the text on pages 400, 401 and 403. 
30. (i) Refer to the text on pages 402 and 403. 
(ii) Refer to the Example 1(i) on page 403. 
3L In the figure, P is a point object placed at a distance r 


from a plane mirror M,M,. With P as centre and 
PO = ras radius, draw a spherical arc AB. This is the 


spherical wavefront from the object, incident on 
M,M;. 
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32. Refer to text on page 404. 
33. (i) Refer to text on pages 401 and 402. 
(ii) The frequency of reflected and refracted light jenai 
same as the frequency of incident light because 
frequency only depends on the source of light. 


34. (i) Refer to text on page 401. 
(ii) Refer to text on page 402. 
(iii) Refer to Example 1(i) on page 403. 
35. (i) and (ii) refer to text on page 402. 
(iii) Refer to Example 1(ii) on page 403. 
36. On the reflection, there is no change in wavelength and 
frequency. So, wavelength of reflected light will be 50004. 
Frequency of the reflected light, 


ya fa PI =6x10'*Hz 

à 5x10” 
For i = 45°, reflected ray becomes normal to the incident 
ray. 

37. (i) Here, refractive index, u =1.5 

c=3x10°ms "v=? 


(ii) No, the refractive index and the speed of light in a 
medium depend on wavelength, i.e. colour of light. We 
know that, p,>wu,. Therefore, Vyictee < Vred’ Hence, 
violet component of white light travels slower than the 
red component. 


38. Here, A =6563A, AR =+15Aand c=3x10° ms" 


Since, the star is receding away, hence its velocity v is 
negative. 


i Soe y= EAA 
c x 
__ 3x10° x15 eRe 10s" 
OO 
6563 ne 


Negative sign shows that star is receding away from the 
earth. 


rave ops’ 
AM, 082 
9. Here, 1 g 100 ' 
Since, the wavelength of light from a star is 


ining towards longer wavelength side, then Ai is 
psitive. Hence, star is moving away from the earth, i.e. v 


8 


ie ne ative. 
p ZÁ =I 032 3x10? 
v=—c = 
À 100 
=- 96x10 m/s 


so. Here, wavelength, A =589 nm, 
, ¢=3X10'm/s p= 1.33 


(i) For reflected light, 
Wavelength, A =589 nm = 589x10” m 


ITOPIC 2| 
Interference of Light 


SUPERPOSITION PRINCIPLE 


According to this principle, at a particular point in the 
medium, the resultant displacement (y) produced by a 
number of waves is the vector sum of the displacements 


produced by each of the waves (y4, yp») 

= FEN t Jat Jat Jaten 

Clatly, each wave contributes as if the other wave is not 
Ment. The superposition principle which was stated 


tst for mechanical waves is equally applicable to the 
“tromagnetic (light) waves. 


en ; 
Sane eh Waves of exactly equal frequency having 
tion w terence w.r.t. time travelled on same 
he Y of Superimpose (overlap) with each other, then 
Re, "esultant wave does not remain uniform in 
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r c 3x10? 

= =—= 

A 589x107” 
= 5.09x 10 Hz 


Speed, v=c= 3 x 10° m/s 
(ii) For refracted light, 


nro À „589X 107 
N u 1.33 
= 4.42x 10” m 


As, frequency remains unaffected on entering another 
medium, therefore 


v'=v=5.09x 10" Hz 


This phenomenon of formation of maximum intensity at 
some points and minimum intensity at some other points 
by two identical light waves travelling in same direction is 
called the interference of light. 


At the points, where the resultant intensity of light is 
maximum, interference is said to be constructive. At the 
points, where the resultant intensity of light is minimum, 
the interference is said to be destructive. 


First wave 
Resultant wave 


(a) Constructive interference 


First wave 


(b) Destructive interference 
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Theory of Interference of Waves 


Let the waves from two sources of light be represented as 


Jy Sasino andy, =dbsin(wr+ 9d) 


where, a and b are the respective amplitudes of the two 
waves and is the constant phase angle by which second 
wave leads the first wave. Applying superposition principle, 
the magnitude of the resultant displacement of the waves is 


I= Fi + Js 
= '=a sin Or + b sin (r+) 
=> J = asin Of + È sin Wt -cosh + bcos œr ‘sin b 


D~ sin (A+ B) =sin A cos B + cos Asin B] 
=> J =(a+ bcos) sin wt + b sin bcos œt 
Putting 2+bcos$=Acos® and dbsing=Asin® 
we get, J= Acos6-sin t+ A sin 8 -cos wr 
or y =Asin (wt +0) 


where, A is the resultant amplitude and @ is the resultant 


phase difference. 


S JA = ]a?+ b? +2ab coso and eh 
. at+bcoso 


a 


Resultant of amplitudes a and b 


As, intensity is directly proportional to the square of the 


amplitude of the wave, i.e. I <a 
So, for two different cases, 
I, =ha?, I, = kb? 
Ip =A? =k(a? +b? + 2abcosd) 


Ig=1,+1,+21,I; coso 


For constructive interference 
I should be maximum, for which 
cos @ = maximum =+1 
Phase difference, ġ =0, 27, 47, ... 
ġ=2m, where n = 1,2,... 


i.e. 
If Ax be the path difference between the interfering waves, 
then 
N h 
j = — = | — | (27m 
al 
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Ax =nw 


= 
ad 


Hencé, condition for constructive interference at a "o 
that, the phasé difference between the two waves req, t i 
the point should be zero or an even an multiple oft 
Equivalent path difference between the two Waves reach r 
the point should be zero or an integral multiple of nt 
wavelength. 

For destructive interference 

Tshould be minimum, for which 


cos = minimum = —1 
. Phase difference, > = T, 37, BY Lhe 
i.e. = (22 - 1) 
where, A=, 2,00 


The corresponding path difference between the two waves ig 


-(A\o-(2)cn-e 


27 


= ax =Qn-0) = 


wi 


Hence, condition for destructive interference at a point is 
that, the phase difference between the two waves reaching 
the point should be an odd integral multiple of T or path 
difference between the two waves reaching the point should 
be an odd integral multiple of half wavelength. 


Comparison of Intensities of 
Maxima and Minima 
As, T max (a+b) and Inin oc (a—6)° 


=> 


where, r = (ratio of amplitudes) 


Interference and Energy Conservation 
In the interference pattern, 

Linig = karb) Tamka 
Average intensity of light in the interference patter 


“latian kath) + HO 


av 2 2 


$443 
2k(a" +b’) 
Z =k(a? +b?) 
2 

___ of light is simply being rèdistributed, i.e, energy is 
prt) ferred from regions of destructive interference to 
ping an of constructive interference, 

i 


ihe he rinciple of energy conservation is being obeyed in 
1h of interference of light. 
Ke 


MPLE |1| Light waves from two coherent sources 
„g intensities J and 2J cross each other at a point with a 
ias difference of 60°. What is the resultant intensity at 


int? 
xt point: 
i Here, 1, = J and J, = 21, 6 = 60° 


», Resultant intensity, 
Ip=l, +1, + ATER cos ġ 
=] +21 + 2/1 x 21 cos 60° 
=31 + I2 = 1(34 V2) = 44141 


EXAMPLE |2| Light wave from two coherent sources of 
intensities in ratio 64:1 produces interference, Calculate the 
natio of maxima and minima of the interference pattern. 
Sol. Ratio of intensities of coherent sources, 


2 

ie, 18 la 

l, l 1" lite 
We have, l, ea’, Tmax & (a +b)? 
py l, œ b’, Iain © (a =y 
> L a’ 64 

l, è 1 

a 8 
ü ~=-; a=8b 

b 1 


So, Jou _ (a+b)? _(Bb+b)' _ 810° 
lmn (a-b)? (8b-b)? 49b 


HERENT AND 
COHERENT SOURCES 


Leh 
, Ot S0 ‘ 
iph, _ Utes are of two types, i.e. coherent and non-coherent 


Us abs 
Bre The sources of light which emit light waves of 
tai g velength, same frequency and are in same phase or 
leeg "stant phase difference are known as coherent 


Wo 5 
ea of light, which do not emit light waves with 


erence are called incoherent sources. 
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Need of Coherent Sources for the 
Production of Interference Pattern 


As discussed earlier, when two monochromatic waves of 
intensity 7}, /, and phase difference meet at a point, 
then the resultant intensity is given by 


[=1,+1,+21,1, cosd 
Here, the term 2,//, Z, cosd is called interference term. 
There are two possibilities. 


(i) If cosh remains constant with time, then the total 
intensity at any point will be constant. The intensity will 
be maximum (,//, + ILY at points, wherecos@ is 1 and 


ig 2 : š 
minimum (47; -4J/,)” at points, where cos is -L The 
sources in this case are coherent. 


(ii) If cosd varies continuously with time assuming both 
positive and negative value; then the average value of cos 
will be zero over time interval of measurement. The 
interference term averages to zero. There will be same 
intensity = J, + Z, at every point. The two sources in 
this case are incoherent. 


Note In practice, coherent sources are produced either by 
dividing the wavefront or by dividing the amplitude of the incoming 
waves. 


Requirements for Obtaining Two 
Coherent Sources of Light 


Following are the requirements (conditions) for 
obtaining two coherent sources of light 
(i) Coherent sources of light should be obtained from 
a single source by some device, 
Two coherent sources can be obtained either by 
(a) the source and its virtual image (Lloyd's 
mirror). 
(b) the two virtual images of the same source 
(Fresnel’s biprism) 
(c) two real images of the same source (Young's 
double slit), 


(ii) The two sources should give monochromatic light, 


(iii) The path difference between light waves from two 
sources should be small. 


(iv) Coherent sources can be produced by two methods: 
(a) By division of waveftont (Young’s double slit 
experiment). 
(b) By division of amplitude (partial reflection or 
refraction in thin films), 
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YOUNG’S DOUBLE SLIT 
EXPERIMENT 


Suppose S, and S, are two fine slits, a small distance d 
apart. They are illuminated by a strong source S of 


monochromatic light of wavelength A. MN is a screen at a 
distance D from the slits. 


Young's double slit arrangement to produce interference pattern 


Consider a point P at a distance y from O; the centre of 
screen. 


The path difference between two waves arriving at point P 


Now, 
dy axe 
sap- D+ +4) Heis) 
=2yd 
2yd 
KE Spe 
Thus, SP -SP =T FSP 


But S,P+S,P=2D 
dy 
SP -S,P == 
2 1 D 
For constructive interference (Bright fringes) 
Path difference = 2 = nh, where, n=0,1,2,3,... 


nDi. 
d 
Hence, for 2=0, yo =0 at O central bright fringe 


F j= [- 2 =0, 1,2,3,...] 


forn=1, y= a for 1st bright fringe 


d 
forn=2, y,= ZDA for 2nd bright fringe 
forn=n, y,= d for nth bright fringe 
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The separation between two consecutive bright 


— a ae 


fringes is B= Pik 7 F 
For destructive interference (Dark fringes) 


d À 
Path difference = a =(2n—-1) — 


2 
Dh E 
or 7 = aI where, n=1,2,3,:.. 
Hence, | for n=], y = 2 for Ist dark fringe 
3Dr 


forn=2, y= 


F for 2nd dark fringe 


DÀ 
forn=n, yi =(2n—1) oF for nth dark fringe 


The separation between two consecutive dark fringes is 
Dr Dr Dir 
‘ee — T E a 
RAND ET 
Fringe Width 
The distance between two consecutive bright or dark 
fringes is called fringe width W. 


«s. Fringe width, we 


The above formula is free from n that means the width ofall 
fringes is same. 


Fringe width is directly proportional to A. Hence, the 
fringes of red light (longer wavelength) are broader than the 
fringes of blue light (shorter wavelength). 


Intensity of the F ringes 
For a bright fringe, = 27m 


and cosh =cos2nm = 1 

So, Tp =I ggg = 1, +1, 4 
las, J, =J, = I in YDSË! 

. Intensity of a bright fringe = 4/ 


For a dark fringe, $= (2n—- l)n 
> 


So, 


cosh = — ] 
iged =1,+/,-2J1,/, =0 
“e Intensity of a dark fringe = 0 


Note If YDSE apparatus is Immersed in a liquid of refractive ne 
then wavelength of light and hence fringe width decreases t ee 


ge optics 


tribution of Intensity 


distribution of intensity in Young’s double slit 
ent is shown below 
ope 


GAA -N2 | M2 2d 
„An -3n -en -N n 


3N2 2), - Path ditterence 
27 3n 4r -Phase difference 


pelation among Intensity, Amplitude of the 
wave and Width of the Slit 


fW, and W are widths of two slits from which intensities 
oflight 7, and 7, emanate, then 


h b W, 
where, a and b are the respective amplitudes of two waves, 


EXAMPLE |3| Two slits are made one millimetre apart 
andthe screen is placed one metre away. What is the fringe 
separation when blue-green light of wavelength 500.nm is 
used? NCERT 
Sol. Here,d = Imm =1x10°m, D=1m, 


À = 500nm = 500X10m =5x10" m 
As, fringe width, B = ms 
d 
_1x5x107 


1x107 
=0.5 mm 


=5x10‘m 


p 


AMPLE [4] In Young's experiment, the width of 
: ges obtained with light of wavelength 6000 A is 
m. What will be the fringe width, if the entire 


Paratus is immersed in a liquid of refractive index 1.33? 
Sol he B= Dh 
od 
SO ps% 
d 
Dh, 
i ENE ae A. 
Fas 
d 
i B, = B = = 
Ho 133 
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EXAMPLE |5| Distance between the slits, in YDSE, 
shown in figure is d = 20 À, where À is the wavelength of 
light used. 


45° 


Find the angle 8, where 


(i) central maxima (where path difference is zero) is 
obtained. 
(ii) third order maxima is obtained. 
Sol. Ray 1 has a longer path than that of ray 2 by a distance 
d sin45°, before reaching the slits. Afterwards ray 2 has 
a path longer than ray 1 by a distance d sin®. The net 
path difference is therefore, d sin- d sin 45°. 
(i) Central maximum is obtained, where net path 
difference is zero, 
d sinĝ- d sin45° =0 > 8 =45° 
(ii) Third order maxima is obtained, where net path 
difference is 3A, i.e. 
d sin@-dsin45° = 3d 
‘ ; 3À 
> sinĝ = sin45° + T 
d=20A, we have 


sinĝ = sin45° + 3h 
20) 


Putting 


0 = 59° 


Conditions for Sustained Interference 


In order to obtain a well-defined observable interference 
pattern, the intensity at points of constructive and 
destructive interference must be maintained maximum and 
almost zero, respectively, 


For this, following conditions must be satisfied 


(i) The two sources producing interference must be 
coherent. 

(ii) The two interfering waves must have the same plane of 
polarisation. 


(iii) The two sources. must be very close to each other and 
the pattern must be observed at a larger distance to 


have sufficient width of the fringe (>) ; 


(iv) The sources must be monochromatic, otherwise the 
fringes of different colours will overlap. 


(v) The two waves must be having same amplitude for 
better contrast between bright and dark fringes. 
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Fringe Shift 
IF refracting slab of thickness ¢ is placed in front of one of the 
two slits of Young's double slit experiment, then fringe 
pattern gets shifted by » fringes and is given by 
Qu —Ir=nAr 

If both slits are covered by refracting surfaces of thicknesses £, 
and r, and refractive indices (U, H3), then fringe pattern gets 
shifted by » fringe and is given by 

(ty Hy) t= nA 


Note The topic Young's double slit experiment has been asked 
frequently in the previous years 2015, 2014, 2012, 2011. 


TOPIC PRACTICE 2| 


OBJECTIVE Type Questions 


1. Athin film of oil is spread on the surface of water. 
The beautiful colours exhibited in the light of sun 
is due to 
(a) dispersion of light (b) polarisation of light 
(c) interference of light (d) diffraction of light 


2. The phase difference between the two light 
waves reaching at a point P is 100r. Their path 
difference is equal to 
(a)10A = (b) 250° (c) 50% (d) 100A 


3. Inthe phenomenon of interference, energy is 
(a) destroyed at destructive interference 
(b) created at constructive interference 
(c) conserved but it is redistributed 
(d) same at all points 


4. Two light waves superimposing at the mid-point 
of the screen are coming from coherent sources 
of light with phase difference n rad. Their 
amplitudes are 2 cm each. The resultant 
amplitude at the given point will be 

(b) 2 cm (c) 4 cm (d) zero 


5. The ratio of maximum and minimum intensities 
of two sources is 4 : 1. The ratio of their 
amplitudes is 
(a)1:81 (b)3:1 (c)1:9 (d)1:16 

6. The interference is produced by two waves of 
intensity ratio 16: 9. The ratio of maximum and 
minimum intensities in interference pattern is 


(a) 4:3 (b) 49:1 
(c) 25:7 (d) 256:81 


(a) 8 cm 
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7. Two identical and independent sodium lamps 


act as ; 
(a) coherent sources (b) incoherent sources 
(c) Either (a) and (b) (d) None of these 


8. In Young’s double slit experiment, distance 
between slits in kept 1 mm and a screen js Kejt 
1 m apart from slits. If wavelength of light 
used is 500 nm, then fringe spacing is 
(a) 0.5 mm (b) 0.5 cm (c)0.25mm (d) 0.25 cm 


9. Ina Young's double-slit experiment, the 
source is white light. One of the holes is 
covered by a red filter and another by a blue 
filter. In this case, NCERT Exemplar 
(a) there shall be alternate interference patterns of 
red and blue 

(b) there shall be an interference pattern for red 
distinct from that for blue 

(c) there shall be no interference fringes 

(d) there shall be an interference pattern for red 
mixing with one for blue 


VERY SHORT ANSWER Type Questions 


10. Define the term “coherent sources” which are 
required to produce interference pattern in 
Young's double slit experiment. 


11. Why we cannot obtain interference using two 
independent sources of light? 


12. How will the fringe pattern change, if the 
screen is moved away from the slits? 


13. How does the fringe width in Young’s double 
slit experiment change when the distance of 
separation between the slits and screen is 
doubled? All India 2012 


14. Ifthe source of light used in Young’s double 
slit experiment is changed from red to violet, 
what will happen to the fringe? 


15, How does the angular separation of 
interference fringes change in Young’s ; 
experiment, if the distance between the slits !S 
increased? Delhi 2008 


16. In Young's double slit experiment, the 
intensity of central maxima is I. What will be 
the intensity at the same place, if one slit ÍS 
closed? 


17. Ina moving car, radio signals are interrupted 


sometimes, Why? 


| ose opti 


0 
(8, 1 


> 


(9. 


2. 


n 


23, 


4, 


%, 


RT ANSWER Type Questions 


o light waves of amplitudes a and b interfere 
with each other. Calculate the ratio of 
intensities of a maxima to that ofa minima. 


what are the conditions for obtaining two 
coherent sources of light? 


_ tn Young's double slit experiment, the two slits 


aie illuminated by two different lamps having 
same wavelength of light. Explain with reason, 
whether interference pattern will be observed 
on the screen or not. All India 2017 C 


How will the interference pattern in Young's 

double slit experiment get affected, when 

(i) distance between the slits S, and S, reduced. 

(ii) the entire set up is immersed in water? 
Justify your answer in each case. Delhi2011 


In Young's double slit experiment, two coherent 
sources S and S, are placed at a distance D 
from screen, such that a bright fringe is 
obtained at a distance x from the centre line of 
screen, Give the value of x for which there is a 
bright fringe. 


Consider a two slit interference arrangement 
(shown in figure) such that the distance of the 
screen from the slits is half the distance 
between the slits, Obtain the value of D in terms 
of such that the first minima on the screen 
falls at a distance D from the centre O. 


NCERT Exemplar 


Give four conditions for obtaining sustained 
terference. 


l ? iti 
ftwo waves of equal intensities I, = 1; = Jo 


aint at two locations P and Q with path ; 
erences A, and A,, respectively. What will be 
P “ratio of resultant intensity at points 
ando? 


(i ‘Wer the following questions: 
hen a low flying aircraft passes overhead, 
'€ Sometimes notice a slight shaking of the 
Picture on our TV screen. Suggest a possible 
‘Planation, 
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(ii) As, you have learnt in the text, the principle 
of linear superposition of wave 
displacement is basic to understanding 
intensity distributions in diffraction and 
interference patterns. 

What is the justification of this principle? 
NCERT 


LONG ANSWER Type I Questions 


27. (i) Why are coherent sources necessary to 


produce a sustained interference pattern? 
(ii) In Young's double slit experiment using 
monochromatic light of wavelength 1 , the 
intensity of light at a point on the screen, 
where path difference is A , is K unit. Find 
out the intensity of light at a point, where 
path difference is 4/3. Delhi 2012, NCERT 


28. Choose the statement as right or wrong and 


justify. 

(i) For a coherent source, initial phase 
difference between two sources must have 
same finite value. 

(ii) Resultant intensity of interference is given 
bylk=l +l, + 2f, cosọ. 

(iii) Two independent light bulbs fail to produce 
interference. 


29. In Young’s double slit experiment, derive the 


condition for 

(i) constructive interference and 

(ii) destructive interference at a point on the 
screen. 


. In Young’s double slit experiment, describe 


briefly how bright and dark fringes are obtained 
on the screen kept in front of a double slit. 
Hence, obtain the expression for the fringe 
width. 


The intensity at the central maxima (O) ina 
Young’s double slit experiment is Jp. If the 
distance OP equals one-third of fringe width of 
the pattern, show that the intensity at point P 


would be 1/4. 


Foreign 2011 
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32. (a) If one of two identical slits producing 
interference in Young's experiment is covered 
with glass, so that the light intensity passing 
through it is reduced to 50%, find the ratio of 
the maximum and minimum intensity of the 
fringe in the interference pattern. 

(b) What kind of fringes do you except to observe, 
if white light is used instead of 
monochromatic light? 


LONG ANSWER Type II Questions 


33. (i) What is the effect on the interference fringes to 

a Young's double slit experiment when 
(a) the width of the source slit is increased? 

(b) the monochromatic source is replaced by a 
source of white light? Justify your answer in 
each case. 

(ii) The intensity at the central maxima in Young’s 
double slit experiment set up is Z4. Show that 
the intensity at a point, where the path 
difference is 4/3 is 19/4. Foreign 2012 


CBSE 2018 


34. (i) Consider two coherent sources S,andS, 
producing monochromatic waves to produce 
interference pattern. 

Let the displacement of the wave produced by 
S, be given by Y, = acoswt and the 
displacement by S, be Y, =acos(wt +9). 
Find out the expression for the amplitude of 
the resultant displacement ata point and show 
that the intensity at that point will be 
I =4a? cos? È i 
2 

Hence, establish the conditions for 
constructive and destructive interference. 

(ii) What is the effect on the interference fringes 
in Young’s double slit experiment when 
(a) the width of the source slit is increased; (b) 
the monochromatic source is replaced bya 
source of white light? Delhi 2015 


35. (i) (a) Two independent monochromatic 
sources of light cannot produce a sustained 
interference pattern. Give reason. 

(b) Light waves each of amplitude a and 
frequency w, emanating from two coherent 
light sources superpose at a point. 

If the displacements due to these waves is 
given by y; = acoswt and y, =acos (wt + p), 
where, @ is the phase difference between the 
two, obtain the expression for the resultant 
intensity at the point. 
(ii) In Young’s double slit experiment, using ` 
monochromatic light of wavelength À, the 
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intensity of light at a point on the Screen 
where path difference is À, is K units, Fin 
out the intensity of light at a point where 
path difference is A /3. All India 2014 


36. State the importance of coherent Sources jn 
the phenomenon of interference. In Young's 
double slit experiment to produce 
interference pattern, obtain the conditions 
for constructive and destructive interference 
hence deduce the expression for the fringe 
width. How does the fringe width get affected, 
if the entire experimental apparatus of 
Young's double slit experiment is immersed 
in water? All India 2011 


37. (i) Ina Young’s double slit experiment, 
derive the conditions for constructive and 
destructive interference. Hence, write the 
expression for the distance between two 
consecutive bright or dark fringe. 


(ii) What change in the interference pattern 
do you observe, if the two slits S, and S, 
are taken as point sources? 


(iii) Plot a graph of intensity distribution 
versus path difference in this experiment. 


NUMERICAL PROBLEMS 


38. Light waves from two coherent sources 


having intensities J and 4] cross each other at 
a point with a phase difference of 90°. What 
is the resultant intensity at that point? 


39. Light waves from coherent sources arrive at 
two points on a screen with path difference of 
0 andi /2 Find the ratio of intensities at the 
points. All India 2017 C 


40. Ina double slit experiment using light of 
wavelength 600 nm, the angular width of the 
fringe formed on a distant screen is 01°. Find 


the spacing between the two slits. NCERT 


41. In Young's double slit experiment using light 
of wavelength 630 nm, angular width of a 
fringe formed on a distant screen is 02°. 
What is the spacing between the two slits? 


42. 


In Young's double slit experiment, the slits 
are separated by 0.28 mm and the screen is 
placed 1.4m away. The distance between the 
central bright fringe and the fourth bright 
fringe is measured to be 1.2 cm, determine! g 


w joes i iment. 
avelength of light used in the SE cant 


wave Optics 


43. 


44. 


45. 


wT. 


48. 


49, 


50, 


The amplitudes of light waves from two slits in 
Young’s experiment are in ratio J2 :1, what is the 


ratio of slit widths? 


Widths of two slits in Young’s experiment are in 
the ratio 4 : 1. What is the ratio of the amplitudes 
of light waves from them? 


Abeam of light, consisting of two wavelengths 
560 nm and 420 nm, is used to obtain 

interference fringes in a Young’s double slit 
experiment. Find the least distance from the 
central maxima, where the bright fringes due to 
both the wavelengths coincide. The distance 
between the two slits is 4 mm and the screen is at 
a distance of Im from the slits. Delhi 2010C 


. Abeam of light consisting of two wavelengths 


650 nm and 520 nm, is used to obtain 

interference fringes in a Young's double slit 

experiment. 

(i) Find the distance of the third bright fringe on 
the screen from the central maximum for 
wavelength 650 nm. 

(ii) What is the least distance from the central 
maximum, where the bright fringes due to 
both the wavelengths coincide? NCERT 


Abeam of light consisting of two wavelenghts, 
800 nm and 600 nm is used to obtain the 
interference fringes in a Young’s double slit 
experiment on a screen placed 1.4 m away. If the 
two slits are separated by 0.28 mm, calculate the 
least distance from the central bright maximum 
where the bright fringes of the two wavelengths 
coincide. All India 2012 


Laser light of wavelength 630 nm incident on a 
pair of slits produces an interference pattern in 
which the bright fringes are separated by 7.2 mm. 
Calculate the wavelength of another source of 
laser light which produce interference fringes 
Separated by 8.1 mm using same pair of slits. 


All India 2011 


In a Young's double slit experiment, the angular 
width of the fringe is found to be 0.2° on a screen 
Placed 1 m away. The wavelength of light used is 
600 nm. What will be the angular width of the 
fringe, if the entire experimental apparatus is 
immersed in water? Take, refractive index of 
Water to be 4/3. NCERT 


The ratio of the intensities at minima to the 
maxima in the Young’s double slit experiment is 


51. 


417 


9 : 25. Find the ratio of the widths of the two 
slits. All India 2014 


In Young's double slit experiment, the two slits 
0.15 mm apart are illuminated by 
monochromatic light of wavelength 450 nm. 
The screen is 1 m away from the slits. 


Find the distance of the second 
(i) bright fringe. 
(ii) dark fringe from the central maxima. 


HINTS AND SOLUTIONS | 


(c) The light reflected from the oil film produced two 
coherent waves and these waves are superposed 
(interference) and produce beautiful colours. 


(c) Given, Ad = 1007 
We know, change in phase difference, 
2n 
ie, Ad = — x Ax 
ý r 
where, Ax = path difference 


=> Ar hoxce=idoex EN 
20 2n 


. (c) In the phenomenon of interference, energy in 


conserved but it is redistributed. 
(d) Resultant amplitude 


A=JA? +A}+2A,A, cos > 


Here A =A,=2cm => $= mrad 
A=y(2)' +(2)? +2x2x 2X cos n 
A=,/4+4-8 or A=0 

. (b) Given, l ms ac 
Inn 1 
Weknow, {m =[r+1) _4 
rtilt 2 
= — == 
r- 1 
= r+1=2r-2 or r=3 


. The ratio of amplitudes Bie r=3 
2 


Hence, A = 30 3:1 
n 


. (b) Let the intensities of two waves is J, and J,, 


respectively, Given, 1:1, =16:9 
no , 6a 


2 
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10. 


13. 


14. 


15. 


Tras (G+ 4,))_ e 8 


| e (a, — a, jk Es 3 ji pi 1 
(a Pig 4 


Len Tay] pin = 49:1 


- (b) Two identical and independent sodium lamps (i.e., 


two independent sources of light) can never be coherent. 
Hence, no coherence between the light emitted by 
different atoms. 


. (a) Fringe spacing, 


DR 1x5x107 
oe T oaa A 
d 1x10 


B 


(1 nm =107 m) 
=5x10™“ m= 0.5mm 


(c) For the interference pattern to be formed on the 
screen, the sources should be coherent and emits lights 
of same frequency and wavelength. 


In a Young's double-slit experiment, when one of the 
holes is covered by a red filter and another by a blue 
filter. In this case due to filteration only red and blue 
lights are present. In YDSE monochromatic light is used 
for the formation of fringes on the screen. Hence, in this 
case there shall be no interference fringes. 


Those sources of light which emit light waves of same 
wavelength, same frequency and are in same phase or 


having constant phase difference are called coherent 
sources. 


This is because two independent sources of light cannot 
be coherent, as their relative phases are changing 
randomly. 


With increase of D, fringe width also increases as, 


_ Dh 
d 
or B =D 
As we know that, fringe width, 
AD 
ne 
Here, D’=2D 
2AD 
So, A Ea 
B d 
= B’= 2B 


If the source of light used in Young’s double slit 


experiment is changed from red to violet, then their 
consecutive fringes will come closer. 


Angular separation decreases with the increase of 
separation between the slits as, @ = x 


where, d = separation between two slits. 


16. 


17. 


18. 
19. 
20. 


21. 


22, 


23. 
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x 1 
When one slit is closed, amplitude becomes 3 and hence 


intensity becomes th and there will be no interference. 


While moving in a car, there are periodic interruptions 
in a radio signal that we hear. It occurs on account of 
interfering of the radio waves, i.e. a common form of 
interference called multi path interference. 


Refer to the text on page 410. 
Refer to the text on page 411. 


No, interference pattern will be observed on the screen. 
This is because, the source will serve as incoherent 
sources. For details refer to text on page 411. 


(i) The fringe width of interference pattern increases 
with the decrease in separation between S, and S, as 


1 
b d 
(ii) The fringe width decreases as wavelength gets 


reduced, when interference set up is taken from air to 


Bod 


water as, 


For a bright fringe, path difference = nÀ 


and so t= Sed, 


=> x= me where n = 1,23, ... 


AD 


x, =—, whenn=1 
d 


and <= 2p, when n= 2 


From the given figure, of two slit interference 
arrangement, we can write 


T,P=T,0+OP=D+x 
and’ T,P=T,O-OP=D-x 


S,P = y(S, T} +(PT,° = JD +(D— x) 
and S,P= IET ¥ +(T,P} -= D? +(D + x) 


The minima will occur when SP —S,P = (2n —1) à 
ie. [D? +(D + x)]? -[D? +(D- xpi = a 
2 


[for first minima, n = 1] 


If x = D, we can write, [D?+ el [D? + 0} -4 


wave Optics 
_ [sD*}'” _ jay" -4 
> V5D - D= E 
À 
D(V5 -1) = à /20r D = —=— 
~ 2(v5 —1) 
putting V5 = 2.236 
=> V5-1= 2.236 —1 = 1.236 
D= = 0.404 À 
2(1.236) 
94, Refer to the text on page 413. 
Imax _ (7 +1)" 
95, By formula, L = (aay [Ans. 1: 1] 


96. (i) We notice a slight shaking of the picture on our TV 
screen because a low flying aircraft reflects the TV 
signal and there may be an interference between the 
direct signal and the reflected signal which results in 
shaking. 

(ii) The superposition principle follows the linear 
character of the differential equation governing wave 
motion. If y, and y, be the solutions of wave 
equation, so there can be any linear combination of y, 
and y, When the amplitudes are large and 
non-linear effects are important, then the situation is 
more complicated. 


27. (i) Refer to text on page 413. 
(ii) Intensity of light at a point on the screenis given by 
Ip=I, +1, + 2 V1,1, cos > 
For the path difference A, phase difference is 27. 


As, sources are coherent and taken out of the same 
source in Young’s double slit experiment, 


I, =I, =1 
> Ip= 21 + 2I cos 20 
=> Ip =41 
=> 4] = K unit (i) 


For the path difference, s corresponding to phase 
difference of = 

3 

Iq= 21 + 210s = 21 -1=1 Ai) 
From Eqs. (i) and (ii), we conclude 

Ip= E unit 

R o4 
28. (i) Refer to text on page 411. 


(ii) Refer to text on page 410. 


(iii) Two independent light bulbs are an example of 
incoherent sources of light and hence fail to produce 
interference. For details, refer to text on page 437. 


9. Refer to text on page 410. 
0. Refer to text on page 412. 


31. 


32. 


419 


Given, OP = y, 
- The distance OP equals one-third of fringe width of the 
pattern. 
ie = B = 1 (>) = Dh 
” 3 34d} 3d 

> dy, _% 

D 3 
Path difference = S,P —S,P= dy, = b 


. Phase difference, ġ = > x path difference 


=—x 
A= '3) 3 
If intensity at central fringe is J, then intensity at a point 
P, where phase difference 9, is given by 


I = 1, cos’ 


I 
Hence, the intensity at point P would be F 


(a) Given, I, =o 
I, =50% of I, 
, I 
ie, l= ? 


Now, ratio of maximum and minimum intensity is 
given as 


2 

I 
[tyz] 2 
|p - 
Al Et 


1 2 
Po (gu-n 
“7 1Y (V2-1) 3-2v2 

h-z) 
[3+2 (5) (3+ 2V2} 
-( #2 3422) (3)*-(2v2)" 


=17 +1242 
(b) When a white light source is used, the interference 
patterns due to different component colours of white 
light overlap incoherently. The central bright fringe 
for different colours is at centre. 
So, central bright fringe is white. 


— 


4 


O 


AS À wue < Area» fringe closest on either side of central 


_ bright fringe is blue and the farthest is red. 


After few fringes, no clear pattern of fringes will be 
visible. 


À 
33. (i) (a) For interference fringes to be seen, : < Fi 


condition should be satisfied where, s = size of the 
source and d = distance of the source from the plane of 
two slits. As, the source slit width increases, fringe 
pattern gets less and less sharp. When the source slit is 
so wide, the above condition does not get satisfied and 
the interference pattern disappears. 


(b) The interference pattern due to the different 
colour components of white light overlap. The 
central bright fringes for different colours are at 
the same position. Therefore, central fringes are 
white. And on the either side of the central fringe 
(i.e. central maxima), coloured bands will 
appear.The fringe closed on either side of central 
white fringe is red and the farthest will be blue. 
After a few fringes, would be clear fringe pattern 
is seen. 


(ii) Refer to Q. 31 on page 415. 
34. (i) Given, the displacements of two coherent sources 


Yı =acos © tand y, = acos(wt + p) 

By principle of superposition, 

Y=), + y, =acos Mt + acos(wt + >) 

Y= acos Mt + acos Wt cos > — asinwtsin > 
y = a(1 + cos $)cos wt + (—asin >)sinwt 
Let a(l + cos 6)= A cos 0 

and 


(i) 


asin = Asin® »{ii) 
y = Acds6cos wt — AsinOsinwt 
=> y=Acos(wt +68) --{iii) 


Squaring and adding Eqs. (i) and (ii), we get 
(Acos@)? + (Asin@)? 
= a"(1+cos 6)? +(asin o)? A*(cos?@ + sin? 8) 
=a°(1 + cos? $ + 2cos 6) + a° sin? b 


= A? xl=@ +a + 2a’ cos 6 = 2a°(1 + cos $) 


=> A’= 2a (205+ 2) = 4" cos'(?) 


If J is the resultant intensity, then J = 4a? cos” ? 


Refer to text on page 434 for conditions for constructive 
and destructive interference. 


(ii) (a) Refer to Q. 21 (i) on page 415 (b) Q. 32 (b) on 


page 416. 


35. (i) (a) Two independent monochromatic sources of light 


cannot produce a sustained interference pattern 

because their relative phases are changing 

randomly. When d is negligibly small, fringe 

width B which is proportional to 1/d may become 

too large. Even a single fringe may occupy the 

screen. Hence, the pattern cannot be detected. 
(b) Refer to Q. 34 (i) on page 416. 


(ii) Refer to Q. 27 (ii) on page 415. 


36. 


37. 
38. 
39. 


40. 


41. 


42. 


43. 


44. 


45. 
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Refer to text on page 411, 

Refer to text on pages 410 and 412. 
Refer to Q. 21 (ii) on page 415. 

Refer to text on pages 410, 412 and 413. 
5I, refer to Example 1 on page 411. 

As, I =I, cos’ 


2m 
Phase difference, 6 = = 
l 2n x0 
So, HET cos? Li j= 


and 


Here, A = 600 nm = 60010’? m = 6x10 m 


=> 01°= onal 
180 


From angular width , 0= b 


x10” 
= d= A ÉX 544 x107%m 
8 —x0l1 
180 


Angular width, 6 = * 


Here, 0 = 0.2° A = 630 nm = 630X107°m 

_ 63010” x180 

02x n 

Here, slit width, d = 0.28 mm= 0.28x 107 m 

Distance between slit and screen, D = 1.4m 
y =1.2cm=1.2x 10°m,n=4, 4 =? 


= d =18010"%m 


For constructive interference, y=nma D orÀ = x 
n 

_1.2x 107 x 0.28x 1073 

SOE 


=6X 10” m 
4x14 
We know that , 4 ae w 
I, 3 oy 2 
es W . Way: 2 
M Wa 
2 
We know that “1 =i _ a’ _4 5 bag 
W h bè ı b 
Given, distance between the screen and slit, D = 1 m 
Slit width, d=4x10° m 
A, =560 nm, A, = 420 nm 
Let nth order bri 


ght fringe of À, coincides with 
(n +1)th order bright fringe of A. 


46. 


47. 
48, 


Dni, _ D(n+1)À 
C 
nà, =(n+1)À, 
nri A 
= n Ke 
1 560x10” 1 
$= ed 
n 420x10” n 
P n=3 
« Least distance from the central fringe where bright 
fringe of two wavelengths coincides 
= distance of 3rd order bright fringe of A, 


3DA, _3X1X560x10” 


y 
” d 4x107 
= 042 x 10° m 
y, = 0.42 mm 


3rd bright fringe of A, and 4th bright fringe of À, 
coincide at 0.42 mm from central fringe. 


Here, A, = 650 nm= 650 x 10° m, 
à, = 520 nm= 520x 10° m 


Suppose, d =distance between two slits 
D = distance of screen from the slits 
(i) For third bright fringe, n =3 


D 
=n,— 
y 7 
= 3x 650 eam = 1950 nm 
d d 


(ii) Refer to Q. 33 of topic practice 2. on page 416. 
D 
= 2600—nm 
B 


12 mm; refer to Q. 45 on page 417. 


According to the question, Bi = ai 
2 Ay 

[' D and d are same] 
Here, B, = 7.2107 m,B, = 8.1 x 10° m 
and À, =630x10° m 
Wavelength of another source of laser light, 

A= Bo x À; 
B 


1 


+71 


_ 81x10" 
7.210% 
À, = 708.75 X10 m 
= 708.75 nm 
49. Here, 6, =0.2°, D =1m,A, =600nm, u =4/3 


% 630X107 m 


Angular width of a fringe, 6 = f 


@ dy 13 
6 A, H 4 
> 0, = 3x6, =2x02=0.15° 
4 4 
50. Imni 9 la 
Imax 25 (a+b) 
a- 3 
=> —_ =- 
a+b 5 
=> a=4b 
2 2 
ab wW _@ _ (46) 16 


51. (i) The distance of nth order bright fringe from central 
fringe is given by 
_ nDA 
h=- 
For second bright fringe, 
_2DA_2X1X45X10" 


jsm 1.5x107 


y, =6X10°m 
The distance of the second bright fringe 
y, =6mm 
(ii) The distance of nth order dark fringe from central 
fringe is given by 
D 
’ = (2n -1)— 
ya =(2n-1) =, 


For second dark fringe, n = 2 
3DA 


DA 
(38-1) = 
Ya =(2X2-Y =e 


-7 
> fal gk =45Xx10°m 
2 15x10 
*, The distance of the second dark fringe 
y, = 45mm 


[TOPIC 3| 
Diffraction of Light 


DIFFRACTION OF LIGHT 


The phenomenon of bending of light around the sharp 
corners and the spreading of light within the geometrical 
shadow of the opaque obstacles is called diffraction of light. 
The light thus deviates from its linear path. The deviation 
becomes much more pronounced, when the dimensions of 
the aperture or the obstacle are comparable to the 
wavelength of light. 


, Diffracted 
incident Diffracted Incident wave 
wave | wave wave | 
iit ) 2) 
or a |! =i | i 

Screen 
a> a=i 
Diffracted 
. wave 

Incidem 

wave | 

i” z 

—A|— 


a<} 
Diffraction of waves for slits of different width 


Note Diffraction is a general characteristic exhibited by all types of 
waves. For visible light, à is very small (= 10 m). 

Therefore, diffraction of visible light is not so common as 
obstacies/apertures of this size are hardly available. 

According to Fresnel, diffraction occurs on the account of 
mutual interference of secondary wavelets starting from 
portions of the wavefront which are not blocked by the 
obstacle or from portions of the wavefront which are 


allowed to pass through the aperture. 


Diffraction of Light at a Single Slit 

A parallel beam of light with a plane wavefront is made to 
fall on a single slit LN. As width of the slit LN = a is of the 
order of wavelength of light, therefore diffraction occurs 
when beam of light passes through the slit. 


The wavelets from the single wavefront reach the centre C 
on the screen in same phase. Hence, interfere constructively 
to give central maximum (bright fringe). 

The diffraction pattern obtained on the screen consists of a 
central bright band, having alternate dark and weak bright 
bands of decreasing intensity on both sides. 


E 
L | L528 y 
TIN | 

Light from source a do) ee -- 
MNL e Mp 5 


Geometry of single slit diffraction 


Consider a point P on the screen at which wavelets travelling in a 
direction, make'an angle @ with MC. The wavelets from points L and 
N will have a path difference equal to NQ. 


From the right angled A LNQ, we have 

NQ = LN sin 
or NQ =asinð 
To establish the condition for secondary minima, the slit is 
divided into 2, 4, 6,... equal parts such thar corresponding 
wavelets from successive regions interfere with path 


difference of À /2. 


Or for nth secondary minima, the slit can be divided into 
2n equal parts. 


Hence, for nth secondary minima, 


Path difference = is sin 8 = — 
2 2 


or 


To establish the condition for secondary maxima, the slit is 
divided into 3, 5, 7, ... equal parts such that corresponding 
wavelets from alternate regions interfere with Pat 
difference of 4/2. 


ave Optics 


enth secondary maxima, the slit can be divided into 


f 
n+ D) equal parts. 
s ce, for nth secondary maxima, 


Hen 


asin 8, = (21+ $ (n= 1, 2,3,.0] 


À 

sin®,, = (27+ 1) — 

of 2a 
Hence, the diffraction pattern can be graphically shown as 


þelow 


| Intensity(/) 


3a -2 -A C Ad 2} 3A 
Path difference (d sin 8) 


The point C corresponds to the position of central maxima. 
And the position —3),-21,-A, A, 20,34... are secondary 
minima. The above conditions for diffraction maxima and 
minima are exactly reverse of mathematical conditions for 
interference maxima and minima. 


Width of Central Maximum 


It is the distance between first secondary minimum on 


either side of the central bright fringe C. 


For first secondary minimum, 


asin@=A or hoe wis (i) 
a 
I Gissmall, sin @= 0 =~ (ii) 
From Eqs. (i) and (ii), we get 
y À Di 
—=— or y=— 
D a a 
2DÀ 


Width of central maximum = 2 y = — 
a 


As, the slit width a increases, width of central maximum 
creases, 


Angular width of central maxima, 20 = 2A 
a 
EXAMPLE |1| A beam of light whose wavelength is 
4000 A is diffracted by a single slit of width 0.2 mm. Give 
€ angular position of the second minima. 
OL. Given, wavelength, A = 4000 A 
Slit width, a = 0.2 mm = 0.2107 m 
Width of second minima =? 


A29 


For nth minima, asin = nA 
0.2% 10° sin® = 2% 4000x 10° 


For 0 to be very small; sin 6 ~ ð 
_ 2% 4000% 10°” 
0.2% 107 
= 4% 10° rad 


EXAMPLE |2| A slit 4 cm wide is irradiated with 
microwaves of wavelength 2 cm. Find the angular spread of 
central maximum, assuming incidence normal to the plane 
of the slit. 
Sol Here, a=4cm=4x 10° m, 

h=2cem = 2x10° m 

‘, Angular spread of central maximum (28) is 

_ 2h 2x 2x10" _ 


= 1 rad 
a 4x 10° 


20 


EXAMPLE |3|™ Angular width of central maximum in 
the Fraunhoffer diffraction pattern of a slit is measured. 
The slit‘is-illuminated by light of wavelength 6000 A. 
When the slit is illuminated by light of another 
wavelength, then the angular width decreases by 30%. 
Calculate the wavelength of this light. The same decrease 
in the angular width of central maximum is obtained when 
the original apparatus is immersed in a liquid. Find the 
refractive index of the liquid. 


Y 


Sol. Angular width of central maximum = $ 
a 


2A, 
A, =600nm, 8, = — (i) 
a 
6, =0, x 0.7= a „i 
a 
On dividing Eq. (i) by Eq. (ii), we get 
1 A S 
0.7 A, A, 
Wavelength, À, =420nm 
When immersed in liquid, À, = A, Mt 
0, =0, X0.7 (iii) 
=> 2Ay MM = 2hy x 0.7 
a a 
ai 
0.7 


‘Refractive index of the liquid, 


10 
p=—= 142 
7 


EXAMPLE [4] Intensity curve for a single slit 
diffraction pattern is shown below. Find the ratio of the 
intensities of the secondary maxima to the intensity of 


424 


the central maximum for the single-slit Fraunhofer 
diffraction pattern. 


B 
2 


-27 -rn: n 2n 


Sol. To a good approximation, the secondary maxima lie 
midway between the zero points. From figure, we see that 
this corresponds to B/2 values of 37/2, 51/2, 77/2, 


i -|£ j i 


= —— = 0.045 
l (37/2) 9107/4 
: ` 2 
and hL sin (57/2) _ =0.016 
Io 57/2 25 1" /4 


i.e. the first secondary maxima (the ones adjacent to the 
central maximum) have an intensity of 4.5% that of the 
central maximum and the next secondary maxima have an 
intensity of 1.6% that of the central maximum. 


‘Difference in Diffraction Pattern at a Single 
Slit due to Monochromatic 
Light and White Light 


For monochromatic light, the diffraction is of alternate bright 
and dark bands of unequal widths. The central bright fringe 
has maximum intensity and the intensity of successive 
secondary maxima decreases rapidly. 

If the source is of white light, the diffraction pattern is 
coloured. The central maximum is white but other bands are 
coloured . As band width <A, therefore red band width is 
wider than the violet band width. 


Validity of Ray Optics/ Fresnel’s Distance 
When a slit or hole of size a is illuminated by a parallel beam, it 
is diffracted with an angle 0 = A 


Diffraction of a parallel beam 
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In travelling a distance z, size of beam is z À / a. 


z 
So, taking —2a 
a 
gi 
or zZ2— 
À 
Now, distance gp is called Fresneľs ‘distance 


[zp =a°/ À]. 


Spreading of light due to diffraction is comfortable upto 
distance z;/2. For distance much greater than Ze, 
spreading due to diffraction is also prominant. So, the 
image formation can be explained by ray optics for 
distances less than z p. 


EXAMPLE |5| For what distance is ray optics a good 
approximation when the aperture is 3 mm wide and 
wavelength is 500 nm? 


Sol. Here, @=3mm =3X10°m 


and À =500nm =5Xx10" m 
According to Fresnel's distance, 
a’ (3x10) 


Zp= = 


—=18m 
À 5x10 


Difference between Interference 
and Diffraction 


(i) The interference pattern has a number of equally 
spaced bright and dark bands. Where as the 
diffraction pattern has a central bright maximum, 
which is twice as wide as the other maxima. The 
intensity falls as we go to successive maxima away 
from the centre on either side. 

(ii) We calculare the interference pattern by 
superposing two waves originating from the two 
narrow slits. The diffraction pattern is a 
superposition of a continuous family of waves 
originating from each point on a single slit. 

(iii) For a single slit of width a, the first null of the 
interference pattern occurs at an angle of A/a. At the 
same angle of A/a, we get a maxima (nota null) for 
two narrow slits separated by a distance a. 

One must understand that both distances between 
two slits in Young’s double slit experiment, d and 4 
width, of each slit have to be quite small, to be able 
to observe good interference and diffraction 
patterns respectively. e.g. d must be of the order ofa 


millimetre or so and must be even smaller of the 
order of 0.1 of 0.2 mm. 


| TOPIC PRACTICE 3 | 


OBJECTIVE Type Questions 


{, Light seems to propagate in rectilinear path 
because 
(a) its speed is very large 
(b) its wavelength is very small] 
(c) reflected from the upper surface of atmosphere 
(d) it is not absorbed by atmosphere 


1, In diffraction from a single slit the angular width 
of the central maxima does not depends on 
(a) A of light used 
(b) width of slit 
(c) distance of slits from the screen D 
(d) ratio of à and slit width. 


3, What should be the slit width to obtain 10 
maxima of the double slit pattern within the 
central maxima of the single slit pattern of slit 
width 0.4 mm? 
(a) 0.4 mm 
(c) 0.6 mm 


(b) 0.2 mm 

(d) 0.8 mm 

4. Ina single diffraction pattern observed ona 
screen placed at D m distance from the slit of 


width dm, the ratio of the width of the central 
maxima to the width of other secondary 


maxima is 
(a) 2:1 (b) 1:2 
(c) 1:1 (d) 3:1 


VERY SHORT ANSWER Type Questions 


5. What is the condition for first minima in case of 

diffraction due to a single slit? 

6. How does the angular separation between 
fringes in single slit diffraction experiment 
change when the distance of separation 
between the slit and screen doubled? 

-© Explain how the intensity of diffraction pattern 
changes as the order(n) of the diffraction band 
Varies? All India 2017 


If the wavelength of light decreases, then 
Fresnel's distance increases or decreases? 


What is the basic difference between diffraction 
and interference of light? 
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SHORT ANSWER Type Questions 


10. Fora single slit of width a, the first minimum of 
the interference pattern of a monochromatic 


light of wavelength A occurs at an angle of A At 
a 


A : 
the same angle of —, we get a maximum for two 
a 


narrow slits separated by a distance a . Explain. 
‘ Delhi 2014 


11. Draw the intensity pattern for single-slit 
diffraction and double slit interference. Hence, 
state two differences between interference and 
diffraction patterns. All India 2017 


12. State briefly two features which can distinguish 
the characteristic features of an interference 
pattern from those observed in the diffraction 
pattern due toa single slit. All India 2011 


13. Why is the diffraction of sound waves more 
evident in daily experience than that of light 
wave? NCERT Exemplar 


14. In deriving the single slit diffraction 
pattern, it was stated that the intensity is zero 


at angles +, Justify this by suitably dividing the 


slit to bring out the cancellation. NCERT 


LONG ANSWER Type I Question 


15. (a) In a single slit diffraction experiment, the 
width of the slit is made double the original 
width. How does this affect the size and 
intensity of the central diffraction band? 
Explain. 

(b) When a tiny circular obstacle is placed in 
the path of light from a distant source, a 
bright spot is seen at the centre of the 
obstacle. Explain, why? CBSE 2018 


LONG ANSWER Type II Questions 


16. (i) Using Huygens’ construction of secondary 
wavelets explain how a diffraction pattern is 
obtained on a screen due to a narrow slit on 
which a monochromatic beam of light is 
incident normally. 

(ii) Show that the angular width of the first 
diffraction fringe is half that of the central 
fringe. 


(iii) Explain why the maxima at 9 = (r + n} 
a 


become weaker and weaker with increasing 
n? All India 2015 
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17. (i) Obtain the conditions for the bright and 
dark fringes in diffraction pattern due to a 
single narrow slit illuminated by a 
monochromatic source. Explain clearly, why 
the secondary maxima go on becoming 
weaker with increasing of their order? 


(ii) When the width of the slit is made double, 
how would this affect the size and intensity 
of the central diffraction band? Justify your 
answer. Foreign 2012 


NUMERICAL PROBLEMS 


18. What should be the width of each slit to obtain 
10th maxima of the double slit pattern within 
the central maxima of single slit pattern? 


19. Aparallel beam of light of wavelength 500 nm 
falls on a narrow slit and the resulting 
diffraction pattern is observed on a screen1m 
away. It is observed that the first minimum is at 
a distance of 2.5 mm from the centre of the 
screen. Find the width of the slit. 


All India 2013, NCERT 
20. Yellow light (à = 6000 A) illuminates a single slit 
of 1x10‘ m. Calculate the distance between 
two dark lines on either side to the central 
maximum, when the diffraction pattern is 
viewed on a screen kept 1.5 m away from the 
slit. All India 2011 


21. A parallel beam of light of 500 nm falls on a 
narrow slit and the resulting diffraction pattern 
is observed on a screen 1 m away. It is observed 
that the first minima is at a distance of 2.5mm 
from the centre of the screen. Calculate the 
width of the slit. All India 2013 

22. Two wavelength of sodium light of 590 nm and 
596 nm are used in turn to study the diffraction 
taking place at a single slit of aperture 
2x10-°m. The distance between the slit and the 
screen is 1.5 m.Calculate the separation between 
the position of first maxima of the diffraction 
pattern obtained in the two cases. 

All India 2014 

23. Two wavelengths of sodium light 590nm and 
596 nm are used in turn to study the diffraction 
at a single slit 4mm. The distance between the 
slit and the screen is 2m. Calculate the 
separation between the positions of the first 
maximum of diffraction pattern in two cases. 


—" 
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| HINTS AND SOLUTIONS | 


- (b) The wavelength of visible light is very small, so it 


seems to propagate in rectilinear path. 


. (c) Angular width of central maxima, 


20 = 22. /e. 


Thus, 8 does not depend on D i.e., distance between the 
slit and the screen. 


3. (b) As, the path difference a8 is 2, 


10. 


11. 


12. 


À 
then =— 
a 
10A _ 2} 
d a 
> a=€=2=02mm 


So, the width of each slit is 0.2 mm. 


- (a) Width of central maxima = 21.D/e 


Width of other secondary maxima = ÀD /e 


<- Width of central maxima : Width of other secondary 
maxima = 2:1. 


- For first minima, sin@, =1x À /a =À /a 


2À 


- Angular width, 29 = —— 


a 
i.e. it is independent of the distance of separation 
between the slit and screen. 


In diffraction pattern, intensity of alternate dark and 


weak bright bands decreases as compare to central 
bright band. 


p 1 

As, Fresnel distance œ —, hence Fresnel’s distance 
À 
increases as À decreases. 


The interference pattern has a number of equally spaced 
bright and dark bands whereas the diffraction pattern 


has a central bright maximum, which is twice as wide as 
the other maxima. 


In diffraction, angular position, 0 = Ax 


a 
For first minima, Ax = À, 
o=A 
a 
In interference, d = a (given) and angular position, 
Ax 
6 = — 
a 


< Angular position of first maxima (Ax = À) 


For intensity pattern curve 
pages 413 and 423, 


For difference Refer to text on page 424. 
Refer to text on page 424. 


Refer to text on 


Vi 


13. 


15. 


16. 


ave Optics 


As, we know that the frequencies of sound waves lie 

between 20 Hz to 20 kHz, so their wavelength ranges 
petween 15 m to 15 mm. The diffraction occurs, if the 
wavelength of waves is nearly equal to slit width. 


As, the wavelength of light waves is 7000 x 10° m to 
4000 X 10° m, the slit width is very near to the 


wavelength of sound waves as compared to light waves. 
Thus, the diffraction of sound waves is more evident in 
daily life than that of light waves. 


Let the slit be divided into n smaller slits each of width, 


a=, 
n 
d dn d 


Therefore, each of the smaller slit would send zero 
intensity in the direction of 8. Hence, for the entire 


single slit, intensity at angle me would be zero. 


(a) We know that, width of central maximum is given as 
2y = — 
a 


where, a = width of slit. 
when a= 2a 


Thus, the width of central maximum became half. 
But in case of diffraction, intensity of central 
maxima does not changes with slit width. Thus, the 
intensity remains same in both cases. 

(b) When a tiny circular obstacle is placed in the path 
of light from a distant source, a bright spot is seen 
at the centre of the obstacle because the waves 
diffracted from the edge of circular obstacle 
interfere constructively at the centre of the shadow 
resulting in the formation of a bright spot. 


(i) 


wavefront 


Consider a parallel beam of light from a lens falling on 
a slit AB. As, diffraction occurs, the pattern is focused 
on the screen with the help of Jens L ,. We will obtain 
a diffraction pattern that is central maximum at the 
centre O, flanked by a number of dark and bright 
fringes called secondary maxima and minima. 

Each point on the plane wavefront AB sends out the 
secondary wavelets in all directions. The waves from 
Points equidistant from the centre C, lying on the 
upper and lower half, reach point O with zero path 
difference and hence, reinforce each other producing 
maximum intensity at O. 
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(ii) Let A and a be the wavelength and slit width of 


diffracting system respectively. Let O be the position 
of central maximum. 
Condition for the first minimum is given by 
asin® = mÀ .. (i) 
Let O be the angle of diffraction. 
As, diffraction angle is small 
a sin® = 6 
For first diffraction minimum, 8 = 8, (let) 


For the first minimum, take m =1 
aĝ =à => = ž 
a 
Now, angular width, AB = 8, 


Angular width, BC =9, 
Angular width, AC = 20, 


(iii) On increasing the value of n, the part of slit 


contributing to the maximum decreases. Hence, the 
maximum becomes weaker. 


17. (i) Refer to text on page 412. 


On increasing the order, the part of slit contributing 
to the maximum decreases. Hence, the secondary 
maxima becomes weaker. 


(ii) As, the number of point sources increases, their 


contribution towards intensity also increases. 
intensity varies as square of the slit width. Thus, 
when the width of the slit is made double the 
original width, intensity will get four times of its 


original value. 
; . — 2DÀ 
Width of central maximum is given by 6 = T 


where, D = distance between screen and slit, 
À = wavelength of the light 
and b = size of slit. 


`~ 
`~ 
- i. 
-* ai 
- `~ 


{0 Central \ 


SSS 


* 
‘ 
` 
npe a 
>-J0 Po maximum? 
g Ta ae 
oN | p> 
Į——— o0 Screen 


So, with the increase in size of slit, the width of 
central maxima decreases. Hence, double the size of 
the slit would result as half the width of the central 
maxima. 
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18. 


19. 


20. 


2L 


As, the path difference is À 
So, að=À 
= 8@=A/a 

10h 2 

d a 
=> a= a = a =2m 
5 5 

Given, D=1m,n=1, y= 2.5 mm 

=25x 10° m 


À = 500 nm= 5x 10” m, d =? 
The condition for minima is d =nÀ 


_mkD _1x5x107x1 

= y 25x10 

=2x 10 m= 0.2 mm 

Given, A = 6000 Å =6 x10 m and d=1x1074m 
Separation between slit and screen, D =1.5m 


.. The separation between two dark lines on either side of 
the central maximum 


= fringe width of central maximum 
_ 2DA _ 2x 15x 6x 107 
d 1x 10° * 


= 18x 10°m=18 mm 


= d 


The distance of the nth minima from the centre of the 
nDÀ ü 


a 
where, D = distance of slit from screen =1 m 
i = wavelength of the light = 500 nm 
=500x10”° m, 


n=1, 


screen is given by x, = 


xX, =2.5mm=2.5 x10” m, 
and a = width of the slit for first minima = ? 


Putting these values in Eq. (i), we get 


22. 


23. 
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500 x 10°” 
2.5X10° = oa ee 
a 
= a=2x10 *m=0.2m 
For A, =590 nm 
À DÀ, 
Location of 1st maxima,y, = (2n + 1) mee 
3D), 


If n=1 ae ane 


For A, =596nm 


. DÀ 
Location of 2nd maxima, y, =(2n +1) = 
3D 
If t= > y,= = z 


3D 
v. Path difference = y, — y, = gea —A,) 
a 


_ 3x15 
2x 2x10° 
Given, à, =590nm, A, =596 nm, 


(596—590) x10°° = 675 x 10° m 


D= 2m, d=4 mm 
Refer to Sol. 50 (page 459) location of 1st maxima, 


Yı =(2n+1) Dan 
2a 


if 1=1, > y, =— 


For À , = 596 nm, location of 2nd maxima, 
Yo =(2n+ 1) PA2 
2a 
2a 
3D 
y2- y= —(A, À) 
2a 
= 3%? (596 ~590)x157 
2x4x107 
=45X10 m 


IMMARY 


i tics describes the connection between the wavos 
ì " ays Ol light. 
ont is the locus of points (wavelets) having the samo 


e ' . 
; ye of oscillations. 
Ngo’ 


aiavetronts can be of three lypes 
i () spherical wavefront 

(i cylindrical wavefront 

A plane wavefront 


ens’ Principle is essentially a geometrical 
* aastruction, which gives the shape of a wavefront at any 
ine allows us to determine the shape of the wavefront at a 


jater time. 

, Doppler's Effect in Light According to this effect, whenever 
pere is a relative motion between a source of light and 
observer, then the apparent frequency of light emitted from 
the light source. 

» Superposition Principle of Waves states that at a 
gaticular point in the medium, the resultant displacement 
produced by the number of the displacements produced by 
zach of the waves. 


‘ Interference of Light Waves is the phenomenon of 
ledistribution of light energy in a medium on the account ol 
superposition of light waves from two Coherent sources. 


' Relation Between Intensity, Amplitude of the Wave and 
Width of Slit 
a W 


tisgven by, 21 = : 
L W 


' Conditions for Interference The intensity at the points of 
Constructive and destructive interference must be 
maintained maximum and zero, respectively. 


faction of Light Bending of light around the sharp 
i an spreading of light with in the geometrical 
'adow of opaque obstacles is called diffraction of light. 


I | v r 
"diffraction pattern, angular width of the central maxima is 
2h 
ao 
a 


» Difforonce botwaon Interference and Diffraction The 
Interlerance pattern has number of equally spaced dark and 
bright bands while the diffraction pattern has central bright 
maximum 

interference and Energy Conservation Intensity of light s 
simply redistributed, 1.€., energy 1$ being transferred from 
the regions of destructive interference. So. the principle of 
energy conservation is obeyed in interference process 


« Coherent Sources of light emit the light waves with 
constants phase difference 
» Incoherent Sources ob light emit the light do not waves 
with a constants phase difference. 
Young's Double Slit Experiment 
(i). For constructive interference (bright fringes), 


Path difference = * =nÀ 


7 , -Dh 
d 


(ii) For destructive interference (dark fringes), 
path difference 


Y gn- 

D 2 

DA 
= = (2n -1 — 
y =| ee 


a Intensity of Fringes 
(i) For bright fringe, fg - I+ lz +2yhb 
(ii) For dark fringe, Ip = h -l -2y hh 


a Fringe Width is given as, W = a 


(i) Resolving power of a microscope is 
„1 asin 
“Ad 122A 

(ii) Resolving power of a telescope is 


Pela 
dð 1.22) 


CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 


1. 


If a source is at infinity, then wavefronts 
reaching to observer are 

(a) cylindrical (b) spherical 

(c) plane (d) conical 


In Huygens’ wave theory, the locus of all points 
in the same state of vibration is called 

(a) a half period zone (b) oscillator 

(c) a wavefronts (d) a ray 


A monochromatic light refracts by the medium 
of refractive index 1.5 in vacuum. The 
wavelength of refracted wave will be 

(a) equal 

(b) increase 

(c) decrease 

(d) depend upon the intensity of refracted light 


The source of light is moving towards observer 
with relative velocity of 3 kms”. The fractional 


change in frequency of light observed is 
(a)3x10° (b)3x107° 
(c)10~° (d). None of these 


The reason of interference is 
(a) phase difference 

(b) change of amplitude 

(c) change of velocity 

(d) intensity 


Two distinct light bulbs as sources 

(a) can produce an interference pattern 

(b) cannot produce a sustained interference pattern 

(c) can produce an interference pattern, if they 
produce light of same frequency 

(d) can produce an interference pattern only when the 
light produced by them is monochromatic in 
nature 


From a single slit, the first diffraction minima is 
obtained at 30° for a light of 6500 A 
wavelength. The width of the slit is 

(a) 3250 A (b) 1.3 

(c) 54107 * km (d) 1.2107? cm 


8. In Young's double slit experiment two 
disturbance arriving at a point P have phase 
difference of n/2 The intensity of this point 
expressed as a fraction of maximum intensity h 


1S 
4 3 
(a) I OZ ofn Oh 


9. Ifthe width of slit is decreased in a single slit 
diffraction, then the width of central maxima will 
(a) increase 
(b) decrease 
(c) remain unchanged 
(d) not depend on the width of slit. 


ASSERTION AND REASON 


Directions (Q. Nos. 10-16) In the following 
questions, two statements are given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 
(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 
(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 
(c) Assertion is true but Reason is false. 
(d) Assertion is false but Reason is true. 


10. Assertion Inthe field of geometrical optics, light 


can in assumed to approximately travel in 
straight line. 


Reason The wavelength of visible light is very 
small in comparison to the dimensions of 
typical mirrors and lenses, then light can be 


oe to approximately travel in straight 
ine. 


il. 


Assertion When monochromatic light is 
incident on a surface separating two media, the 
reflected and refracted light both have the same 
frequency as the incident frequency. 

Reason Speed of light and wavelength of light 


both changes in refraction and hence, the ratio 
V=c/A isa constant, 
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rave Optics 
Assertion The emergent plane wavefront is constant phase) of oscillations. A wavelet is the 
i tilted on refraction of a plane wave by a thin point of disturbance due to propagation of light. 
ism. Wavefront may also be defined as the hypothetical 
Reason The speed of light waves is more in surface on which the light waves are in the same 
lass and the base of the prism is thicker phase. 
than the top. (i) Huygens’ original theory of light assumed that, 
Assertion If we have a point source pen la ai ne not 
13. í . ‘ SO (a) minute elastic particles 
emitting waves uniformly in all directions, (b) t | , 
the locus of point which have the same parang verse eletr es wars 
amplitude and vibrate in the same phase ic) transverse mechanical wave 
are spheres. (d) longitudinal mechanical wave 
Reason Each point of the wavefront is the (ii) A weve cen sa ; van 
source of a secondary disturbance and the (a) i. para P i a surface at the point of incidence of 
wavelets emanating from these points ni TO _ i 
spread out in all directions with the speed (b) oi ine joining the source of light and an 
of the wave. j seer o o f 
(c) gives the direction of propagation of a wavefront 
{4, Assertion Increase in the wavelength of at a given point 
Reason When the wavelength increases, wavelets 
then wavelength in the middle of the visible (iii) Ray diverging from a point source form a 
region of the spectrum moves towards the wavefront that is 
red end to the spectrum. (a) cylindrical 
{5. Assertion No interference pattern is (b) spherical 
detected when two coherent sources are (c) plane 
infinitely close to each other. (d) cubical 
EN n oie is ey N (iv) According to Huygens’ principle, a wavefront 
e to the distance DErWgREYSGE propagates through a medium by 
, ` (a) pushing medium particles 
16. Assertion If the initial phase difference (b) propagating through medium with speed of light 
between the light waves emerging from the (c) carrying particles of same phase along with ìt 
slits of Young’s double slit experiment is (d) creating secondary wavelets which forms a new 
n-radian, the central fringe will be dark. wavefront 
Reason Phase difference is equal to = (v) In pee of nay of a wavefront from a 
reflecting surface, 
times the path difference. 
3 pers 
ae BASED QUESTIONS es G 
; e tions (Q.No. 17) These questions are A Navalront 
P € study based questions. Attempt any 4 fae 
-Parts from each question. Each question MAKS N 


Carrje 
s i : 
1 mark. l. points Aand E are in same phase. 


17, 


The Wavefront 


In 1678, a Dutch scientist, Christian 
Huygens’ propounded the wave theory of 
light. According to him, wave theory 
Introduced the concepts of wavefront. 

Light travels in the form of waves. 

A wavefront is the locus of points (wavelets) 
having the same phase (a surface of 


Il. points A and C are in same phase. 
Ill. points A and B are in same phase. 
IV. points C and E are in same phase. 

Which of the following is correct? 
(a) Both I and I 
(b) Both Il and II 
(c) Both II and IV 
(d) Both I and IV 
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VERY SHORT ANSWER Type Questions 


18. 


19. 


20. 


21. 


State the conditions that must be satisfied for 
two light sources to be coherent. 


In Young's double slit experiment, if the 
distance between the slits is halved, what 
changes in the fringe width will take place? 


Suppose while performing double slit 
experiment, the space between the slits and the 
screen is filled with water. How does the 
interference pattern change ? 


5000 A monochromatic light passes through a 


slit having 0.05 mm width. How much does it 
spread? 


SHORT ANSWER Type Questions 


22. 
23. 


Derive fringe separation formula for YDSE. 


Obtain the expression for the maximum slit 
width for diffraction. 


LONG ANSWER Type IT Questions 


24. What do you understand by coherent sources? 


25; 


L 4c) 2. (0 
. (b) 7. (b) 
10. 


12. 


Obtain expression for fringe width of a bright 
fringe. Write expression for the angular width of 
fringe. 

Describe Young’s experiment for interference of 
light. Obtain the formula for fringe width. What 
is the shape of the fringes? 


ANSWERS 


3. (¢) 4. (c) 
8. (b) 9. (a) 


(a) The branch of optics in which one completely 
neglects the finiteness of the wavelength is called 
geometrical optics. The wavelength of light is very small 
as compared to the dimensions of objects (such as mirror, 
lenses etc.) and hence, it can be neglected and assumed 
to travel in a straight line. 


5. (a) 


(b) Reflection and refraction arise through interaction of 
incident light with constituents of matter. Atoms may be 
viewed as oscillators, which take up the frequency of the 
external agency (light) causing forced oscillations. The 
frequency of light emitted by a charged oscillator equals 
its frequency of oscillation. Thus, the frequency of 
scattered light equals the frequency of incident light. 


(c) Since, the speed of light waves is less in glass, the 
lower portion of the incoming wavefront (which travels 
through the greatest thickness of glass) will get delayed 
resulting in a tilt in the emerging wavefront. 


13. 


14. 


15. 


16. 


17. 
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Incident plane 
wave 


(a) According to Huygens’ principle each point of the 
wavefront is the source of a secondary disturbance and 
the wavelets emanating from these point spread out in 
all directions with the space of wave. 

These wavelets emanating from the wavefront are 
usually referred to as secondary wavelets and if we dray 
a common tangent to all these spheres, we obtain the new 
position of the wavefront at a later time. 


(a) Increase in wavelength of light when the source 
move away from the observer due to Doppler’s effect js 
called red shift. The visible regions shifts towards red 
end of electromagnetic spectrum and hence called red 
shift. 


(a) As, we know, fringe width B i-e.,= +3 


So, smaller the distance between the slits (d), then larger 
will be fringe width (B). 

Hence, single fringe will cover whole screen and pattem 
will not be visible. 


(b) Given, initial phase difference = 9, — 05, =x 


At central maximum, Ax=0 (path difference = Ax} 


= Total phase difference 
2n 
= 95, -= os, + z Ax 


At central maximum, 
2n 
Et iaa ee 


or Ad = m= odd multiple of x. 

Hence, at central maximum dark band is obtained. 

(i) (d) Huygens’ original wave theory of light assumes 
that light propagates in the form of longitudinal 
mechanical wave. 

(ii) (¢) A wave normal is a line perpendicular to the 
wavefront. It gives the direction of a moving wave. 


(iii) (b) Wavefronts emanating from a point source arè 
spherical wavefronts, 


Spherical 


Rays are 
perpendicular 
to wavefronts 


lam 


Wavetronts 
are concentric 
spheres 


Light rays 


ave optics 


(iv) 


(v) 


(d According to Huygens’ principle, each point of the 
wavefront is the source of a secondary disturbance 
and the wavelets emanating from these points spread 
out in all directions with the speed of the wave. These 
wavelets emanating from the wavefront (F, F,) are 
usually referred to as secondary wavelets and f we 
draw a common tangent to all these spheres as shown 
below, we obtain the new position of the wavefront ( 
G,G,) ata later time (1). 


(c) Figure shows AB as incident wavefront, so Aand B 
are in same phase. 


18. 
19. 


20. 


21. 
22. 
23. 
24. 
25. 
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By the time B reaches C, secondary wavelet from A 
reaches E. 
So, points C and E are same time intervals apart as 
they are in same phase. 

Refer to text on page 411. 


Fringe width, W œ hence W is doubled. 


The pattern will remain same, but slightly shifted. 

Refer to Example 2 on page 423. [Ans. 0.2 rad] 
Refer to text on page 412. 

Refer to text on page 423. 

Refer to text on page 411 and 412. 

Refer to text on page 412 and 413. 


The Maxwell's equations of electromagnetism and Hertz experiments on generation 


nature, 


and detection of electromagnetic waves established the wave nature of light in 1887, 
But the discoveries of photoelectric effect by Hertz, Compton effect by Compton, 
established the particle nature of light. Hence, it was concluded that light has dual 


DUAL NATURE OF 
RADIATION AND 
MATTER 


ELECTRON EMISSION 


In metals, the electrons in the outer shells (valence electrons) are loosely bound 
to the atoms, hence they are free to move easily within the metal surface but 
cannot leave it. Such electrons are called free electrons. 


These free electrons can be emitted from the metals, if they have sufficient 
energy to overcome the attractive pull of metal surface. The phenomenon of 
emission of electrons from the surface of a metal is called electron emission. 


The minimum required energy for the electron emission from the metal surface 
can be supplied to the free electrons by anyone of the following physical processes 


(i) Thermionic Emission Sufficient thermal energy can be imparted to the 


(ii) 


(iii) 


free electrons by suitable heating, so that they can come out of the 
metal. This process of emission of electrons is known as thermianic 
emission and the electrons so emitted are known as thermions or 
thermal electrons . The number of thermions emitted depends on the 
temperature of the metal surface. 


Field Emission or Cold Cathode Emission It is the phenomenon of 
emission of electrons from the surface of a metal by applying a very strong 
electric field (~ 10° Vm™’) to a metal. One of the examples of cold 
emission is spark plug. 

Photoelectric Emission It is the phenomenon of emission of electrons 
from the surface of metal when light radiations of suitable frequency fall 
on it. Here, the energy to the free electrons for their emission is being 
supplied by light photons. The emitted electrons are called 
photoelectrons. The number of photoelectrons emitted depends on the 
intensity of the incident light. 


ww CHAPTER CHECKLIST 
e Photoelectric Effect 


e Matter Wave 
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P Secondary Emission It is the phenomenon of 
" emission of electrons from the surface of metal in 
large number when fast moving electrons (called 
primary electrons) or other particles strike the metal 


surface. 


Work Function 

, certain minimum amount of energy is required to be 
“en to an electron to pull it out from the surface of the 
“eal. This minimum energy required by an electron to 
scape from the metal surface is called the work function of 
he metal. It is generally denoted by 4 or W, and measured 
in eV (electron volt). It depends on the properties of the 
netal and the nature of its surface. It decreases with the 
increase ON temperature. 


One electron volt (1 eV) is the energy gained by an electron 
zhen it has been accelerated by a potential difference of one 
salt (1 V), so that 1 eV =1.602x 107"? J. 


The values of work function of some metals are given below 
Work Function of Some Metals 


Metal Work function, 6, (eV) Metal Work function, 4, (eV) 


Cs 2.14 Al 4.28 
K 2.30 Hg 4.49 
Na 2.75 Cu 4.65 
Ca 3.20 Ag 4.70 
Mo 4.17 Ni 5.15 
Po 4.25 Pt 5.65 


From the above table, it can be concluded that, the work 
function of platinum is the highest (6) = 5.65 eV), while it 
isthe lowest for caesium (Qg =2.14 eV). 


ITOPIC 1| 
Photoelectric Effect 


* discussed earlier, the phenomenon of emission of 

ao from the surface of metal, when radiations of 

table frequency fall on it, is called photoelectric effect, 

€ emitted electrons are called photoelectrons and the 
utrent, so produced is called photoelectric current, 

i metals like lithium, sodium, etc. show photoelectric 


w with visible light, whereas the metals like zinc, 
Mium, etc, are sensitive only to ultraviolet light. 


N 
Ote Non-metals also show photoelectric effect. Liquids and 
$ Can also show this effect but to limited extent. 
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Hertz’s Observations 


In 1887, Heinrich Hertz discovered the phenomenon 
of photoelectric emission while working with his 
clectromagnetic wave experiment, by means of spark 
discharge. He observed that high voltage sparks across the 
detector loop were enhanced when the emitter plate was 


illuminated by ultraviolet light from an arc lamp. It was 
accounted as follows: 


When suitable radiations fall on a metal surface, some 
electrons near the surface absorb enough energy from the 
incident radiations, to overcome the attraction of the 
positive ions in the material of the surface. This helps them 
to escape from the surface of the material to the 
surrounding space. 


Hallwachs’ and Lenard’s Observations 
During 1886-1902, Wilhelm Hallwachs and Philipp 
Lenard made a detailed study of photoelectric effect. Lenard 
observed that, ifa potential difference is applied across the 
two metal plates enclosed in an evacuated tube, then there is 
no flow.of current in the circuit. However, when one plate 
(called emitter plate) enclosed in the evacuated tube, kept at 
negative potential is exposed with ultraviolet radiations, 
current begins to flow in the circuit. 

As soon as ultraviolet radiations falling on the emitter plate 
are stopped, the current flowing is also stopped. Thus, light 
falling on the surface of emitter causes current in the 
external circuit. From his observation, Hallwachs 
concluded that negatively charged particles were ejected out 
from the zinc plate under the action of ultraviolet 
radiations. After the discovery of electron in 1897, it 


` became evident that the exposure of emitter plate with the 


incident light causes the electrons to emit also. Due to 
negative charge, the emitted electrons are pushed towards 
the collector plate by the applied electric field. 


Hallwachs and Lenard also observed that when ultraviolet 
light fell on the emitter plate, no electrons were emitted, 
until the frequency of the incident light was smaller than a 
certain minimum value, called the threshold frequency, 
This minimum frequency depends on the nature of the 
material of the emitter plate. 


EXPERIMENTAL STUDY OF 
PHOTOELECTRIC EFFECT 


The figure given below shows the experimental setup for 
the study of photoelectric effect. 

The setup consists of an evacuated glass or quartz tube 
which encloses a photosensitive plate C (called emitter) and 
a metal plate A (called collector), A transparent quartz 
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window is sealed onto the glass tube which permits 


ultraviolet radiation to pass through it and irradiate the 
photosensitive plate C. 


Quartz Œ Source 
window) Evacuated 
Photosensitive 


glass tube 
/ 


Experimental arrangement for the study of photoelectric effect 


The electrons are emitted by the plate C and are collected 
by the plate A. When the collector plate A is positive with 
respect to the emitter plate C, then the electrons are 
attracted to it. Hence, photoelectric current is constituted. 
This emission of electrons causes flow of electric current in 
the circuit. 

The potential difference between the emitter and collector 
plates is measured by a voltmeter (V ), whereas the resulting 
photocurrent flowing in the circuit is measured by a 
microammeter (uA). 


The experimental arrangement given above is used to study 
the variations of photocurrent with intensity of radiation, 
frequency of radiation and the potential difference between 
the plates A and C. 


Effect of Intensity of Light on 
Photoelectric Current 


For a fixed frequency of incident radiation and accelerating 
potential, the photoelectric current increases linearly with 
increase in intensity of incident light. 


Photoelectric 
current — 


O Intensity of light— 
Variation of photoelectric current with intensity of light 


As, the photoelectric current is directly proportional to the 
number of photoelectrons emitted per second. So, the 
number of photoelectrons emitted per second is directly 
Proportional to the intensity of the incident radiation. 
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Effect of Potential on 


Photoelectric Current 


For a fixed frequency and intensity of incident light, 
photoelectric current increases with increase in potential 
applied to the collector as shown in the graph. 


2 
© 
2 
O 
2 l 
2 3 
x Ip 


Stopping 


potential a 


— Retarding potential 


Vo O Collector Plate —~ 
potential 


Variation of photoelectric current versus potential 
for different intensities but constant frequency 


From the above graph, we can observe that, 


(i) After a certain value of accelerating potential, when 
all photo electrons reach the plate A, and the 
photocurrent ceases. On increasing the value of 
accelerating potential, this maximum value of 
photoelectric current is called Saturation current. 


(ii) When the potential is decreased, the current 
decreases but does not become zero at zero potential. 
m P š 
This shows that even in the absence of accelerating 
potential, few photoelectrons manages to reach the 
plate A on their own due to their kinetic energy. 


(iii) For a particular frequency of incident radiation, 
when minimum negative potential V} is applied to 
the plate A w.r.t. C, photoelectric current becomes 
zero at a particular value of negative potential Vo 
called stopping potential or cut-off potential. 


In this condition, the stopping potential is sufficient to 
repel even the most energetic photoelectron with maximum 
kinetic energy K,,,,. Photoelectric current becomes zero 
whenever no electron even the fastest photoelectrons 
cannot reach the plate A. Hence, maximum kinetic energy 


is given as, 
| aT Ae 
mx V9 =~ my. 
2 
where, is the mass of photoelectron and v, 


ax is the 
maximum velocity of emitted photoelectron, 


Note For the radiation of a given frequency and material of plate 
C, the value of Stopping potential Vo is independent of the intensity 
of the incident radiation. It means, the maximum kinetic energy Of 
emitled photoelectron depends on the light source and the emitter 
plate material but is independent of Intensity of incident radiation. 
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ct of Frequency of Incident 


e 
ation on Stopping Potential 


rake radiations of different frequencies but of same 


fwe ae Te 
sity For each radiation, we study the variation of 
tensity: i. ap 
“hotoelectric current against the potential difference 


lates as shown in the graph below. 


Photoelectric current 
Saturation 


current 


beween the p 


Vo Voz Voy 9 
-— Retarding potential 


Collector plate —— 
potential 


Variation of photoelectric current versus potential for different 
frequencies but constant intensity of incident radiation 


From the above graph, we observe that 


(i) the value of stopping potential is different for 
radiation of different frequencies but the value of 
saturation current (for given intensity) remains 
constant. 


(ii) the value of stopping potential is more negative for 
incident radiation of higher frequency. This means 
that the energy of the emitted electrons depends on 
the frequency of incident radiations, Greater the 
frequency of incident radiation, greater is the 
maximum kinetic energy of photoelectrons, 
consequently greater retarding potential or stopping 
potential is required to stop them completely. 

(ii) the value of saturation current depends upon the 
intensity of incident radiation but is independent of 
the frequency of the incident radiation. 

If we plot a graph between stopping potential and the 

"quency of the incident radiation for two different metals 

and B, we get the graph as shown below. 


Metal A 


| 
Stopping 
potential 
(Vo) 
0 


Frequency of incident 
radiation (v) — 


Variation of stopping potential versus 
frequency of incident radiation 
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From the graph, are observe that 


(i) the stopping potential V} varies linearly with the 
frequency of incident radiation for a given 
photosensitive material. 


(ii) there exists a certain minimum cut-off frequency Vg 
for which the stopping potential is zero. This 
frequency is called threshold frequency. 


Note The minimum frequency of. light which can emit 
photoelectrons from a material is called threshold frequency or 
cut-off frequency of that material. It is a characteristic property of 
material. 

For a frequency lower than cut-off frequency, no 
photoelectric emission is possible even if the intensity is 
large. If frequency of incident radiation is more than 
the threshold frequency, the photoelectric emission 
starts instantaneously without any apparent time lag 
(-10°s or less) even when the incident radiation is very 


dim. 


LAWS OF PHOTOELECTRIC 
EMISSION 


The laws of photoelectric emission are as follows 


(i) For a given material and a given frequency of 
incident radiation, the photoelectric current or 
number of photoelectrons ejected per second is 
directly proportional to the intensity of the incident 
light. 

(ii) For a given material and frequency of incident 
radiation, saturation current is found to be 
proportional to the intensity of incident radiation, 
whereas the stopping potential is independent of its 
intensity. 

(iii) For.a given material, there exists a certain minimum 
frequency of the incident radiation below which no 
emission of photoelectrons takes place. This 
frequency is called threshold frequency. 
Above the threshold frequency, the maximum 
kinetic energy of the emitted photoelectrons or 
equivalent stopping potential is independent of the 
intensity of the incident light but depends upon 
only the frequency (or wavelength) of the incident 
light. 


x 


= 
—> 
= 

x 


The photoelectric emission is an instantaneous 
process. The time lag between the incidence of 
radiations and emission of photoelectrons is very 
small, less than even 10°°s. 


438 | Allwone | PHYSICS Class 12th 


PHOTOELECTRIC EFFECT AND the wavefront of waves. Instead of this, these waves travel jn 


the form of discrete packets or bundels of energy called 


WAVE THEORY OF LIGHT quanta of energy of radiation 


Huygens’ wave theory of light could not explain the Fach quantum of energy radiate an energy, which is given 
photoelectric emission due to the following main reasons: by 
(i) According to the wave nature of light, the free E=h 
electrons at the surf: al : . i i 
ai urface of the metal absorb the where, / is Planck’s constant and v is the frequency of light 
radiant energy continuously, radiation 


When a quantum of light radiation of energy Av falls on a 
metal surface, then this energy is absorbed by the electron 
and is used in following two ways 


The greater the intensity of radiation, the greater 
should be the energy absorbed by each electron. The 
maximum kinetic energy of the photoelectrons on 
the surface is then expected to increase with increase F 
in intensity. 1/2 1 

But according to experimental facts, the maximum m ieee 
kinetic energy of ejected photoelectrons is 
independent of intensity of incident radiation. 

(ti) According to wave theory of light, no matter what 
the frequency of radiation is, a sufficiently intense 
beam of radiation should be able to impart enough AA 
energy to the electrons, so that they exceed the Emission of photoelectron bya metal surface 
minimum energy needed to escape from. metal when a quantum of light is absorbed by it 
surface. (i) A part of energy is used to overcome the surface 

barrier and come out of the metal surface. This part 

of energy is called work function. It is expressed as 


Metal surface 


A threshold frequency, therefore should not exist 
which contradicts the experimental fact that, no 


photoelectric emission takes place below that 0 = Vo. 

threshold frequency, no matter whatsoever may be its (ii) The remaining part of the energy is used in giving a 

intensity. velocity v to the emitted photoelectron. This is equal 
(iii) According to the wave theory of light, the absorption to the maximum kinetic energy of the 


of energy by electron takes place continuously over 


1 3 
; . hotoelectrons | — mv $, where m is the mass of 
the entire wavefront of the radiation. Since, a large P g- mx f 


number of a absorb energy, the enerBy the photoelectron. 
r n per unit time turns out to be ; : 
absorbed per electron p $ According to the law of conservation of energy, 
small. l 1 
: s 3 
Hence, it will take hours or more for a single N=) + 3 max = IV + 57 eax 
electron to come out of the metal which contradicts i 
: i x 
the experimental fact that photoelectron emission is so mmr. =K ma =A- VEW- 
instantaneous. 2 
a — 
K max T IN- Do 


EINSTEIN’S PHOTOELECTRIC A 


This equation is called Einstein’s photoelectric 


EQUATION equation. 


Energy Quantum of Radiation EXAMPLE |1| The electric field associated with a 
In 1905, Albert Einstein explained the various laws of monochromatic beam of light becomes zero, with 
photoelectric emission on the basis of Planck’s quantum frequency 2.4 x 10" times per second. Find the maximum 
theory. According to that theory, the energy of an kinetic energy of the photoelectrons when this light falls 
electromagnetic wave is not continuously distributed over on a metal surface whose work function is 2.0 eV. 


pul 


Nature of Radiation and Matter 


Given, = 2.0 eV, h= 6.63% 10™J-s KE mar =? 
vibration twice the electric field 


In one complete 
the frequency of incident light is given 


becomes ZeT0, SO 
by 

y=}x 24x 10" =1.2x 10” Hz 
Hence, maximum kinetic energy, 


663x107" x1.2x10" 


=hv-0= ~ 2= 2.97 eV 
KE sas % 16x 10°” 


gelation between Stopping Potential 
(Vo) and Threshold Frequency (V9) 
Maximum kinetic energy is given by 
Koa =H(V-Vo) 
K mas = 2V0 

eV, =h(V-Vo) (i) 


Also, 


ff ìà = wavelength of the incident radiation, 
hg = threshold wavelength of the metal surface and 


c= velocity of light. 
Then, 


v C andy á 
=> an = 
Nn at 


Putting these values in Eq. (i), we get 


C c 
eVo = N 


he 


(il) 


EXAMPLE |2| The work function of caesium is 2.14 eV. 
Calculate 


(i) the threshold frequency for caesium and 

(ii) the wavelength of the incident light, if the 
photocurrent is brought to zero by a stopping potential 
of 0.60 V. Given, h =6.63x 10°* J-s. 


Sol Here, V, = 0.60 V, 6 = 2.14 eV = 2.14x 16x 10 J 
[e A = hvo] 


_ 2.14% 1.6x 10” 


6.63x 10° 
= 5.16x 10" Hz 
_ hke 
~ (eV, + %) 
- 6.63x 10™ x 3x 10° 
(1.6x 107? x 0.60+ 2.14x 1.6x 10°’) 
=454x 10°m = 454 nm 


(i) Threshold frequency, Vo = 


(ii) We have, eV, =£. 6, =A 
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Verification of Laws of Photoelectric 
Emission Based on Einstein's 
Photoelectric Equation 


Einstein’s photoelectric equations is 


K = nivaa =h(v-Vo) 


max 


This equation successfully explains the laws of photoelectric 
emission. These are as follows 


; l : ; ies oe 
(i) If V< Vo, then 5m is negative which is not 


possible therefore, for photoelectric emission to take 
place, V> Vo- 

(ii) Since, one photon emits one electron, so the number 
of photoelectrons emitted per second is directly 
proportional to the intensity of incident light. 


a . l 
(iii) It is clear that —mv> xy, as h and Vo are 
2 


constants. This shows that kinetic energy of the 
photoelectrons is directly proportional to the 
frequency of the incident light. 

(iv) Photoelectric emission is due to elastic collisions 
between a photon and an electron. As such there 
cannot be any significant time lag becween the 
incidence of photon and emission of photoelectron. 


Graphs Related to Photoelectric Effect 


From Einstein Photoelectric Equation 
The important graphs related to photoelectric effect are as 
follows 
(i) Frequency V and stopping potential Vg graph 
We know that, eV) = AV - Qo 


Wy 
=> V =—- to 
e e 
So, 
Vo 
3 
E 
g 
& 
fe)] 
č 
a 0 
[8] 
a LA 
-$0 bad 


| 


Graph of Vy versus v 


It could be seen that, Vg versus V curve is a straight line 
with slope = (b/e) and is independent of the nature of 
material. 
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(ii) Frequency V and maximum kinetic energy graph 
As, K w = IV -%q 


= K xy 


max 


max 


x 


tand=h 


V 
Frequency 


4 Maximum KE 


Graph of K,,,, versus v 


(iii) Frequency v and photoelectric current J graph 


The graph given below shows that, the photoelectric 
current / is independent of frequency of the incident 
light, till intensity remains constant. 


l 


Photoelectric 
current 


Yo FrequencyV 
Graph of I versus v 


(v) Intensity and stopping potential Vo graph 


Stopping 
potential = 


Intensity 


Graph of V, versus intensity 


(v) Photoelectric current J and time lag ¢ graph 


~ 


Photoelectric 
current 


1025 


Graph of I versust 


PARTICLE NATURE OF 
LIGHT : THE PHOTON 


Photoelectric effect thus gave evidence that light consists of 
packets of energy. These packets of energy were called light 
quantum that are associared with particles named as 
phctons. So, photons confirm the particle nature of light. 


Time 
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Energy of a photon is given by 


Fay = 


where, 4 is the Planck’s constant, v is the frequency of 
radiation or photon, ¢ is the speed of light and 2 is the 
wavelength of photon. 


The momentum of photon is given by 
E Ww b 4 


EXAMPLE |3| The momentum of photon of 
electromagnetic radiation is 3.3x 10° kg ms™. Find 
out the frequency and wavelength of the wave associated 
with it. 
Sol. Given, p =3.3 x107” kg ms"! 
h=6.63X10 “ J-s 
c =3%10° m/s, v=? 
and A=? 
Since, E=hv=mc*=mexc=pxc 
a ae 3.3xX10-” x3 x108 
h 6.63 x 10™ 
=1.5 x10" Hz 
and A =f = .5%107 
v 15x10? 
=2x10*m 


Characteristic Properties of Photons 


Different characteristic properties of photons are given below 


(i) In interaction of radiation with matter, radiation 
behaves as if it is made up of particles called 
photons. 


(ii) A photon travels at a speed of light ¢ in vacuum 
(i.e. 3 x 10° m/s). 


(iii) It has zero rest mass, i.e. the photon cannot exist at 
rest. According to the theory of relativity, the mass 7 
of a particle moving with velocity v, comparable with 
the velocity of light c is given by 


Mo ) 
n=- > My =m,J1-— 
2 - 
| c 
2 
c 


where, my is the mass of the particle at rest. — 


As, a photon moves with the speed of light, i.e. 
v =c, hence mg =0, So, rest mass of photon is zero. 
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wv) The inertial mass of a photon is given by 
E h h 


m=— = — = 
c? cÀ c? 


(v) Photons travel in a straight line. 


wi) Irrespective of the intensity of radiation, all the photons 
of a particular frequency V or wavelength À have the 


same energy E =w=) 


oet) 
|- c AJ 


(vii) Energy of a photon depends upon frequency of the 
photon, so the energy of the photon does not change 
when photon travels from one medium to another, 


(viii) Wavelength of the photon changes in different media, 


so velocity of a photon is different in different 
media. 


and momentum, 


(ix) Photons are not deflected by electric and magnetic 
fields. This shows that photons are electrically 
neutral, 


(x) In a photon-particle collision (such as photoelectron 
collision), the energy and momentum are conserved. 
However, the number of photons may not be 
conserved in a collision, 


(xi) Photons may show diffraction under _given 
conditions. 


EXAMPLE |4] Monochromatic ‘light of wavelength 
632.8 nm is produced by a helium-neon laser. The power 
emitted is 9.42 mW. 


(i) Find the energy and momentum of each photon in the 
light beam. 


(ii) How many photons per second, on the average, arrive at 
a target irradiated by this beam? 
(Assume the beam to have uniform cross-section, which 
is less than the target area.) 


(ii) How fast does a hydrogen atom have to travel in order 
to have the same momentum as that of the photon? 
NCERT 
Sol Given, wavelength of monochromatic light, 
2 = 6328 nm = 6328 x 10° m 
Power = 942 mW = 942 x 10° W 


(i) Energy of each photon, E = E 


_ 663 x10" x3 x10° 
6328 x 10° 
= 314 x10” J 
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We know that momentum of each photon, p = : 
6.63 x 10°" 
=—————=1.05x 10°” kg-m/s 
632.8 X10 
(ii) Let n be the number of photons per second. 
n -3 
Gis shies Power _ 942 X10 
Energy of cach photon 3.14 x 107” 
=3x10'° photons /s 
(iii) Momentum, p = mv 
-7 
<. Velocity of hydrogen atom, v = ee 
m 166x107” 


=0.63 m/s 
[~ m=1.66 x107 kg (mass of electron)] 


PHOTOCELL 


It is a device which converts light energy into electrical 
energy. It is also called an electric eye. As, the photoelectric 
current sets up in the photoelectric cell corresponding to 
incident light, it provides the information about the objects 
as has been seen by our eye in the presence of light. 


Incident 
light 


Collector (Anode) 


Evacuated 
Emitter glass bulb 


(Cathode) 


Photocell 
A photocell consists of a semi-cylindrical photosensitive 
metal plate C (emitter) and a wire loop A (collector) 
supported in an evacuated glass or quartz bulb, When light 
of suitable wavelength falls on the emitterC, photoelectrons 
are emitted. 


Applications of Photocell 
Some applications of photocell are given below 


(i) Used in television camera for telecasting scenes and in 
photo telegraphy. 


(ii) Reproduction of sound in cinema film. 

(iii) Used in counting devices, 

(iv) Used in burglar alarm and fire alarm. 

(v) To measure the temperature of stars. 

(vi) Used for the determination of Planck’s constant. 
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TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


i. 


4. 


5. 


(a) 


(c) 


Lenard observed that no electrons are emitted 
when frequency of light is less than a certain 
minimum frequency. This minimum frequency 
depends on 

(a) potential difference of emitter and collector plates 
(b) distance between collector and the emitter plate 
(c) size (area) of the emitter plate 

(d) material of the emitter plate 


- The work function of a metal is he/Xo. If light of 


wavelength 2 is incident on its surface, then the 
essential condition for the electron to come out 
from the metal surface is 

(a) 22, (b) A222, 

OLSA, (d) à <à,/2 


. Variation of photoelectric current with intensity 


of light is 


(b) 


Photoelectric 
current 
Photoelectric 
current 


Intensity of light Intensity of light 


(d) 


Photoelectric 
Photoelectric 


Intensity of light Intensity of light 


A photon of energy 3.4 eV is incident on a metal 
surface whose work function is 2 eV. Maximum 
kinetic energy of the photoelectron emitted by 
the metal surface will be 
(a) 1.4eV (b) 1.7 eV 

(c) 5.4 eV (d) 6.8 eV 


If photons of frequency v are incident on the 
surfaces of metals A and B of threshold 


frequencies A and = respectively, the ratio of 


the maximum kinetic energy of electrons 
emitted from A to that from B is 
CBSE All India 2020 
(a) 2:3 
(c)1:3 


(b) 3:4 
(d) V3 :/2 


10. 
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Consider a beam of electrons (each electron 
with energy Eo) incident on a metal surface kept 
in an evacuated chamber. Then, NCERT Exemplar 
(a) no electrons will be emitted as only photons can 
emit electrons 
(b) electrons can be emitted but all with an energy, E, 
(c) electrons can be emitted with any energy, with a 
maximum of E, — > ( is the work function) 
(d) electrons can be emitted with any energy, with a 
maximum of E , 


The formula for kinetic mass of a moving 


photon is 
(a) hv/d (b) hA /e 
(c) hv/e (d) h/ch 


where, h is Planck constant and v, À, c are 
frequency, wavelength and speed of photon, 
respectively. 


The wavelength of a photon needed to remove 
a proton from a nucleus which is bound to the 


nucleus with 1 MeV energy is nearly 


NCERT Exemplar 
(a)1.2nm 


(b)1.2x107 nm 
(c)1.2x10™° nm 
(d)1.2x10nm 


. A photocell connected in an electrical circuit is ` 


placed at a distance d froma source of light. As a 
result, current / flows in the circuit, What will be 
the current in the circuit when the distance is 
reduced to d/2? CBSE All India 2020 | 
(a) I 
(c) 4] 


(b) 27 

(d) 1/2 

A photocell connected in an electrical circuit is 
placed at a distance d from a source of light. As 


a result, current J flows in the circuit. What will 


be the current in the circuit when the distance 
is reduced to d/3? 


(a) I 
(c) 91 


(b) 61 
(ay ty 
3 


ASSERTION AND REASON 
1i. 


Assertion Cathode rays produce fluorescence 


in glass and colour of glow depends on nature 
of glass. 


Reason Cathode rays excite glass electrons and 


they on de-excitation emits radiation in visible 
region. 


pul 


jd. A 


17. 


Nature of Radiation and Matter 


gsertion In photoelectric effect, cathode or 
emitter plate is usually coated with barium oxide, 


barium sulphide or strontium oxide. 


Reason Coating prevents cathode from erosion. 


Assertion According to wave theory of light, if 
intensity of incident radiation is increased, then 
energy of emitted photoelectrons increases. 
Reason Energy of a wave is proportional to its 
intensity. 

Assertion Photoelectric current depends on the 
intensity of incident light. 

Reason Number of photoelectrons emitted per 
second is directly proportional to the intensity of 
incident radiation. 

Assertion Photosensitivity of a metal is high if its 
work-function is small. 

Reason Work-function = hvo where, Vo is the 
threshold frequency. 

Assertion In photon-particle collision, the total 
energy and total momentum are conserved. 
Reason The number of photons are conserved in 
a collision. 


Assertion Photocell is also called electric eye. 


Reason Photocell can see the things placed in 
front of it. 


CASE STUDY BASED QUESTIONS 


18, 


Photoelectric Effect 

When a beam of 10.6 eV photons of intensity 

2.0 Wm” falls on a surface of platinum of surface 

area 1.0 x10~4m? and the work-function of the 

material is 5.6 eV. Given that, 0.53% of the 

incident photons eject photoelectrons, 

(i) What is the energy of incident photon in joules? 
(a) 10.6 J (b) 16x10” J 
(c)1696x10"" J (d) 2x10" J 

(ii) Find the number of photons incident on given 
area. 


(a) 118 x10" (b) 118 x10" 


(c) 2x10" (d) 23 x10" 
(iii) Find number of photoelectrons vauiied per 
second. 
(a) 7x10" (b) 6.2510" 
(c) 9x10"° (d) 11x10" 
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(iv) Find maximum energy of photoelectrons 
emitted. 


(a) 5.0 eV (b) 6.0 eV 
(c) 2.5 eV (d) 0 eV 
(v) Find minimum energy of photoelectrons 
emitted. 
(a) 6.0 eV (b) 5.0 eV 
(c) 5.8 eV (d) 0 eV 


VERY SHORT ANSWER Type Questions 


19. 


20. 


21. 


22. 


23. 


24. 


Define the term intensity in photon picture of 
electromagnetic radiation. CBSE 2019 


Do all the electrons that absorb a photon 
come out as photoelectrons? NCERT Exemplar 


When radiations of frequency 10 Hz is 
incident on certain surface, no 
photoemission takes place. What does this 
statement mean? 


Two metals X and Y, when illuminated with 
appropriate radiation, emit photoelectrons. 
The work function of X is higher than of Y. 
Which metal will have higher value of 
threshold frequency? 


Two metals A and B have work functions 2 eV 
and 4 eV respectively. Which metal has lower 
threshold wavelength for photoelectric 
effect? 


For a given photosensitive material and with a 
source of constant frequency of incident 
radiation, how does the photocurrent vary 
with the intensity of incident light? All India 2011 


The given graph shows the variation of 
photoelectric current / versus applied voltage 
V for two different photosensitive materials 
and for two different intensities of the 
incident radiations. Identify the pairs of 
curves that correspond to different materials 
but same intensity of incident radiation. 

Delhi 2013 


La 


y— 
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26. The graph shows the variation of stopping 


27. 


28. 


29. 


30. 


31. 


potential with frequency of incident radiation 
for two photosensitive metals A and B. 


Metal 8 Metal A 


Stoppin 
potentia 


Frequency— 
of incident 
radiation (v) 


Which one of the two has higher value of work 
function? Justify your answer. All India 2014 


Ultraviolet radiations of different frequencies v, 


and v, are incident on two photosensitive 
materials having work functions Wo, and Wo, 
(Wo; > Wo2) respectively. The kinetic energy of 
the emitted electrons is same in both the cases. 
Which one of the two radiations will be of 
higher frequency? 


If the frequency of incident radiation is equal to 
the threshold frequency, what will be the value 
of stopping potential? 


All the photoelectrons are not emitted with 
same energy. The energies of photoelectrons 
are distributed over a certain range. Why? 


The photoelectric current at distances r andr, 
of light source from photoelectric cell are J, 


and J,, respectively . Find the value of = 
2 


Draw graphs showing variation of photoelectric 
current with applied voltage for two incident 
radiations of equal frequency and different 
intensities. Mark the graph for the radiation of 
higher intensity. CBSE 2018 


SHORT ANSWER Type Questions 


32. 


33: 


There are materials which absorb photons of 
shorter wavelength and emit photons of longer 
wavelength. Can there be stable substances 
which absorb photons of larger wavelength and 
emit light of shorter wavelength. 


NCERT Exemplar 


In the wave picture of light, intensity of light is 
determined by the square of the amplitude of 
the wave. What determines the intensity in the 
photon picture of light? All India 2016 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


| Allynone | PHYSICS Class 12th 


Why does the existence of a cut-off frequency in 
the photoelectric effect favor a particle theory of 
light rather than a wave theory? Explain. 


Two monochromatic beams A and B of equal 
intensity /, hit a screen. The number of photons 
hitting the screen by beam A is twice that by 
beam B. Then, what inference can you make 
about their frequencies? NCERT Exemplar 


Two monochromatic radiations, blue and violet, 

of the same intensity are incident ona 

photosensitive surface and cause photoelectric 

emission. Would 

(i) the number of electrons emitted per second 
and 

(ii) the maximum kinetic energy of the 
electrons be equal in the two cases? Justify 
your answer. Delhi 2010 


(i) In the explanation of photoelectric effect, 
we assume one photon of frequency v 
collides with an electron and transfers its 
energy. This leads to the equation for the 
maximum energy E may of the emitted 
electron as, Emas = AV — ġo, where Oo is the 
work function of the metal. If an electron 
absorbs 2 photons (each of frequency v), 
what will be the maximum energy for the 
emitted electron? 

(ii) Why is this fact (two photon absorption) not 
taken into consideration in our discussion 


of the stopping potential? NCERT Exemplar 


Draw a graph to show the variation of stopping 
potential with frequency of radiation incident on 
a metal plate. How can the value of Planck's 
constant be determined from this graph? 


Consider figure for photoemission. How would 
you reconcile with momentum conservation? 
Note light (photons) have momentum ina 
different direction than the emitted electrons. 


NCERT Exemplar 
If light of wavelength 412.5 nm is incident on 


each of the metals given below, which ones will 
show photoelectric emission and why? 


CBSE 2018 
Metal Work Function (eV) 
Na 1,92 
K 215 a 
Ca 3.20 
Mo 4.17 


ee 


q| Nature of Radiation and Matter 
pu 


4 why is wave theory of electromagnetic 
' radiation not able to explain photoelectric 
effect? How does photon picture resolve this 
problem? CBSE 2019 


LONG ANSWER Type I Questions 


42. Light of same wavelength is incident on three 
photo-sensitive surfaces A, B andC. The 
following observations are recorded. 


(a) From surface A, photoelectrons are not 
emitted. 

(b) From surface B, photoelectrons are just 
emitted, 

(c) From surface C, photoelectrons with some 
kinetic energy are emitted. 
Compare the threshold frequencies of the 
three surfaces and justify your answer. 

CBSE 2020 


43, (i) Describe briefly three experimentally 
observed features in the phenomenon of 
photoelectric effect. 

(ii) Discuss briefly how wave theory of light 
cannot explain these features. Delhi 2015, 16 


44, Figure shows the stopping potential (Vo) forthe 


photoelectron versus (3) graph, for two metals 
A 


v 


Aand B, A being the wavelength of incident 
light. CBSE 2020 


Vp 


(a) How is the value of Planck's constant 
determined from the graph? 

(b) If the distance between the light source and 
the surface of metal Ais increased, how will 
the stopping potential for the electrons 
emitted from it be effected? Justify your 
answer. 


45, Predict and Explain 


Light of a particular wavelength does not eject 

electrons from the surface of a given metal. 

(i) Should the wavelength of the light be 
increased or decreased in order to make 
ejection of electrons possible? 
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(ii) Choose the best explanation from among 
the following: 

(a) The energy of a photon is proportional 
to its frequency, i.e. inversely 
proportional to its wavelength. To 
increase the energy of the photons, so 
they can eject electrons, one must 
decrease their wavelength. 

(b) The photons have too little energy to 
eject electrons. To increase their energy, 
their wavelength should be increased. 


46. Explain how does (i) photoelectric current and 
(ii) kinetic energy of the photoelectrons emitted 
in a photocell vary, if the frequency of incident 
radiation is doubled but keeping the intensity 
same? Show the graphical variation in the 
above two cases. CBSE SQP Term-II 


47. Sketch the graphs showing variation of 
stopping potential with frequencies of incident 
radiations for two photosensitive materials A 
and B having threshold frequencies v 4 > Vg. 
(i) In which case is the stopping potential more 
and why? 
(ii) Does the slope of the graph depend on the 
nature of the material used? Explain. 
All India 2016 


48. Define the terms cut-off voltage and threshold 
frequency in relation to the phenomenon of 
photoelectric effect. Using Einstein's 
photoelectric equation, show how the cut-off 
voltage and threshold frequency for a given 
photosensitive material can be determined with 
the help of a suitable plot/graph. Al India 2012 


49. Define the term “cut-off frequency” in 
photoelectric emission. The threshold 
frequency of a metal is f. When the light of 
frequency 2f is incident on the metal plate, the 
maximum velocity of photo-electron is v}. 

When the frequency of the incident radiation is 
increased to 5f, the maximum velocity of 
photoelectrons is v}. Find the ratio v, : >. 

Foreign 2016 


50. Plot a graph showing the variation of stopping 
potential with frequency of incident radiation 
for two different photosensitive materials 
having work functions Wo, and Wo» (Wo, > Wo2). 
On what factors does the 
(i) slope and 
(ii) intercept of the lines depend? 
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Si. 


52. 


54. 


55. 


56. 


(i) State two important features of Einstein's 
photoelectric equation. 

(ii) Radiation of frequency 10'° Hz is incident on 
two photosensitive surfaces P and Q. There 
is no photoemission from surface P. 
Photoemission occurs from surface QO but 
photoelectrons have zero kinetic energy. 
Explain these observations and find the 
value of work function for surface Q.. 

Delhi 2017 


(i) Write the important properties of photons 
which are used to establish Einstein’s 
photoelectric equation. 

(ii) Use this equation to explain the concept of 
(a) threshold frequency and 


(b) stopping potential. Delhi 2015 


Write Einstein’s photoelectric equation and 
mention which important features in 
photoelectric effect can be explained with the 
help of this equation.The maximum kinetic 
energy of the photoelectrons gets doubled 
when the wavelength of light incident on the 
surface changes from À, to àz. Derive the * 
expressions for the threshold wavelength ho 
and work function for the metal surface. 

All India 2015 


In case of photoelectric effect experiment, 
explain the following facts, giving reasons. 
(a) The wave theory of light could not explain 
the existence of the threshold frequency. 
(b) The photoelectric current increases with 
increase of intensity of incident light. 
CBSE 2020 


If the frequency of light incident on the cathode 
of a photo-cell is increased, how will the 
following be affected? Justify your answer. 

(a) Energy of the photoelectrons. 


(b) Photocurrent. CBSE 2020 


State the main implications of observations 
obtained from various photoelectric 
experiments. Can these implications be 
explained by wave nature of light? Justify your 
answer. CBSE SQP 


NUMERICAL PROBLEMS 


57. 


The photoelectric cut-off voltage in a certain 

experiment is 1.5 V. What is the maximum 

kinetic energy of photoelectrons emitted? 
NCERT 


58. 


59. 


60. 


6i. 


62. 


64. 


65. 


66. 


67. 


| Allwone | PHYSICS Class 194) 


The work function for a certain metal is 4.2 ey. 

Will this metal give photoelectric emission for 

incident radiation of wavelength 330 nm? 
NCERT 


The maximum kinetic energy of photoelectrons 
emitted from a surface, when photons of energy 
6 eV fall on it is 4 eV. What is the stopping 

potential (in volt) for the fastest photoelectrons. 


In an experiment on photoelectric effect, the 
slope of the cut-off voltage versus frequency of 
incident light is found to be 4.12 x 10 y-s. 
Calculate the value of Planck’s constant. NCERT 


Find the 
(i) maximum frequency and 


(ii) minimum wavelength of X-rays produced 
by 30 kV electrons. NCERT 


(i) An X-ray tube produces a continuous 
spectrum of radiation with its short 
wavelength of 0.45 A. What is the maximum 
energy of a photon in the radiation? 

(ii) From your answer to (i), guess what order of 
accelerating voltage ( for electrons) is 


required in such a tube? NCERT 


The threshold frequency for a certain metal is 
3.3x 10" Hz. If light of frequency 8.2x 10" Hzis 
incident on the metal, predict the cut-off 


voltage for the photoelectric emission. NCERT 


If radiation of wavelength 5000 A is incident on 
a surface of work function 1.2 eV, find the value 
of stopping potential. Given, h =6,62x 107 34 J-s. 


Light of frequency 7.21 x 10" Hz is incident ona 
metal surface. Electrons with a maximum speed 
of 6x10°m/s are ejected from the surface. 
What is the threshold frequency for 


photoemission of electrons? NCERT 


Consider a metal exposed to light of 
wavelength 600 nm. The maximum energy of 
the electron doubles when light of wavelength 
400 nm is used. Find the work function in eV. 
NCERT Exemplar 


In an accelerator experiment on high energy 
collisions of electrons with positrons, a certain 
event is interpreted as annihilation of an 
electron-positron pair of total energy 10.2 BeV 
into two y-rays of equal energy. What is the 
wavelength associated with each y-ray? 

(1 BeV= 10° ev) 


68: 


69. 


70. 


71. 


pail Nature of Radiation and Matter 


Aluminium and calcium have photoelectric 

work functions of ,; = 4.28 eV and ġṣ, = 287 eV, 

respectively. 

(i) Which metal requires higher frequency light 
to produce photoelectrons? Explain. 

(ij) Find out the minimum frequency that will 
produce photoelectrons from each surface. 


The work functions for the following metals are 
given, Na=275 eV, K = 2.30 eV, Mo = 4.17 eV, 
Ni = 5.15 eV, Which of these metals will not give 
photoelectric emission for a radiation of 
wavelength 3300 A from a He-Cd laser placed 
1m away from the photocell? What happens if 
the Jaser is brought nearer and placed 50 cm 
away? NCERT 
In the study of a photoelectric effect, the graph 
between the stopping potential Vand frequency 
vof the incident radiation on two different 
metals Pand Qis shown below. 

f 


å f / Q 


/ 
j / 
2 / 
ri j 
d f 
(Volt) 0} ——— 
4 6 
-2 v(x 10'*) Hz —> 


(i) Which one of the twometals has higher 
threshold frequency? 
(ii) Determine the work function of the metal 
Which has greater value. 
(iii) Find the maximum kinetic energy of 
electron emitted by light of frequency 
8 x 10"* Hz for this metal. Delhi 2017 


A student performs an experiment on 

photoelectric effect, using two materials A and 

B. A plot of V...,, versus v is given in the figure. 

(i) Which material A or B has a higher work 
function? 


Vaw (V) 


: A ore ee 


? a | AOR 

(ii) Given the electric charge of an electron 
= L6x 10™ C, find the value of h obtained 
from the experiment for both A and B. 


72. 


“ee 


75. 


76. 
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Comment on whether it is consistent with 
the Einstein's theory. NCERT Exemplar 


The work function of caesium metal is 2.14 eV. 
When light of frequency 6 x 10" Hz is incident 
on the metal surface, photoemission of 
electrons occurs. What is the 

(i) maximum kinetic energy of the emitted 

electrons, 

(ii) stopping potential and 

(iii) maximum speed of the emitted 


photoelectrons? NCERT 


. When light with a frequency 547.5 THz 


illuminates a metallic surface, the most 
energetic photoelectrons have 1.260 x 10 J of 
kinetic energy. When light with a frequency of 
738.8 THz is used instead, the most energetic 
photoelectrons have 2.480 x 10™ J of kinetic 
energy. Using these experimental results, 
determine the approximate value of Planck’s 
constant. 


Monochromatic radiation of wavelength 
640.2 nm (1 nm = 10 m) from a neon lamp 


irradiates a photosensitive material made of 
calcium or tungsten. The stopping voltage is 
measured to be 0.54 V. The source is replaced 
by an iron source and its 427,2 nm line irradiates 
the same photocell. Predict the new stopping 
voltage. . NCERT 


Amercury lamp is a convenient source for 
studying frequency dependence of 
photoelectric emission, since it gives a number 
of spectral lines ranging from the UV to the red 
end of the visible spectrum. In our experiment 
with rubidium photocell, the following lines 
from a mercury source were used 


h, =3650A, 4,= 4047 A, 2,= 4358 A, 
%4 =5461 À, 4,=6907A 
The stopping voltages respectively were 
measured to be 
Vo =1.28 V, Vo= 0.95 V, 
Voa =0.74 V, Vo, =0.16 V, Vos = 0 
Determine the value of Planck's constant h, the 


threshold frequency and work function for the 
material. NCERT 


What is the energy associated in joule with a 
photon of wavelength 4000 Å? 
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78. 


79. 


80. 


81. 


82. 


L. 


What is the energy of a photon in eV 


corresponding to the visible light of maximum 
wavelength? 


The energy flux of sunlight reaching the surface 
of the earth is 1.388 x10 W/m2. How many 
photons (nearly) per square metre are incident 
on the earth per second? Assume that the 
photons in the sunlight have an average 


wavelength of 550 nm. NCERT 


There are two sources of light, each emitting 
with a power of 100 W. One emits X-rays of 
wavelength Inm and the other visible light at 
500 nm. Find the ratio of number of photons of 
X-rays to the photons of visible light of the 
given wavelength. NCERT Exemplar 


A100 W sodium lamp radiates energy 
uniformly in all directions. The lamp is located 
at the centre of a large sphere that absorbs all 
the sodium light which is incident on it. 


The wavelength of the sodium light is 589 nm. 


(i) What is the energy per photon associated 
with the sodium light? 

(i At what rate are the photons delivered to 
the sphere? NCERT 


How many photons per second does a 100 W 
bulb emit if its efficiency is 10% and Wavelength 
of light emitted is 500 nm? 


Light of intensity 10 Wm falls on a sodium 
photocell of surface area2 cm2, Assuming that, 
the top 5 layers of sodium absorb the incident 
energy, estimate the time required for 
photoelectric emissi? n in the wave picture « - 
radiation. The work function of the metal is 
given to be about 2 eV. What is the implication 
of your answer? 


Effective atomic area = 10° m?, NCERT 


| HINTS AND SOLUTIONS | 


(d) Hallwachs and Lenard also observed that when 
ultraviolet light fell on the emitter plate, no electrons 
were emitted at all when the frequency of the incident 
light was smaller than a certain minimum value, called 
the threshold frequency. This minimum frequency 
depends on the nature of the material of the emitter 
plate. 


(c) When the wavelength of incident light is À < Kei 
then the electrons will come out of the metal surface. 


. (b) 3:4; 


| AllZzone | PHYSICS Class 124, 


» (d) Photocurrent varies linearly with intensity. The 


photocurrent is directly proportional to the number of 
photoelectrons emitted per second. This implies that, it 
is a straight line passing through origin. 


. (a) Given, work function = 2eV 


Energy of incident photon = 3.4 eV 


From Einstein's equation of photoelectric effect, 
hv =hyv, +k 
34eV =2eV +k 
k =34eV-20eV =14eV 


From Einstein’s photoelectric equation, maximum kinetic 
energy of emitted electrons, 


K max = KV — Vo) 
where, his Planck’s constant, 
V is frequency of incident radiation 
and v, is threshold frequency of metal surface. 


For metal A, 
A v 
Kama =v] 


hy 


or Kimpa = > aes (i) 


Similarly, for metal B, 


or K max) 8 = — ... (ii) 


So, from Eqs. (i) and (ii), the ratio of the maximum kinetic 
energy of electrons emitted from A to that from Bis 
given as, 


AV 

Kuni > 
(max) A ee 

> Oh 
K (max) B 2hy 
3 


or K (max) At K mawa =3:4 


© (d) When a beam of electrons of energy E, is incident 


on a metal surface kept in an evacuated chamber 
electrons can be emitted with maximum energy E, (due 
to elastic collision) and with any energy less than Ep 
when part of incident energy of electron is used in 
liberating the electrons from the surface of metal. 


-© (d) We know that, E = hy and 


2 : . . 
E = mc (Einstein mass energy equation) 
mc? = hy => m = hy/c? 


Moving mass, m= (hc/À) h 
c? cA 


pul Nature of Radiation and Matter 


8. 


(b) Given in the question, 
Energy of a photon, E=1MeV > E=10° eV 


Now, he =1240eVnm 
he 
E = 
Now, i 
,, — he _ 1240 eVnm 
= E 10° eV 
=1.24 x10” nm 


(c) The photoelectric current in a photocell is related to 
the distance of source of light as 
1 


06 ame 
] T 
T 


. (c) The photo electric current in a photocell is related to 


the distance of source of light as 


I«— 

- 

I, R. 

ly % 

Here n =d, pee det 
3 
D 

1's 
I, (de 9 


=> 1,=91 


- (a) Cathode ray particles when strike the electrons of 


glass atom, the electrons of glass atom are excited and 
move to higher energy levels. On de-excitation, they fall 
to their ground state and release energy. As energy 


levels are characteristics of glass, glow depends on glass. 


12. (c) Sensitivity of a photoelectric materials greatly 


13. 


14, 


15, 


depends on its surface characteristics. When emitter 
plate is coated with a materials of low work function, 
photoemission occurs even at low frequency. 

(a) We know that, intensity is energy per unit area per unit 
time, 

(a) The number of photoelectrons emitted per second is 
directly proportional to the intensity of incident 
radiation and kinetic energy of photoelectrons depends 
On frequency of incident radiation. 


(b) Work function is the minimum energy required to 
ject the photoelectron from photosensitive metal. Hence 


16. 


17. 


18. 


19. 


20. 


21. 
22. 
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for metal to be photosensitive, the work-function should 
be small. 


Work function = hy, 


where, V, is the threshold frequency. 


(c) Ina photon-particle collision such as photon-electron 
collision, the total energy and total momentum are 
conserved. However, the number of photons may not be 
conserved in a collision. The photon may be absorbed or 
a new photon may be created. 
(c) Photocell is a technical application of the 
photoelectric effect. It is a device which converts light 
energy into electric energy. It is also called an electric 
eye. Photocell are used in the reproduction of sound in 
motion picture and in the television camera. 
(i) (c) Energy of the incident photons, 
E, =10.6 eV 
= 10.6x 1.6x 10°” 
| =16.96x 10°” J 

(ii) (b) Energy incident per unit area per unit time 

(intensity) = 2J i 

<. Number of photons incident on unit area in unit 

time 

2 
16.96x 10°” 
Therefore, number of photons incident on given area 
(1.0x 10° ‘m’*) 


= (1.18x 10!) (1.0x 10° 4) = 1.18x 10" 


(iii) (b) As, only 0.53% of incident photons emit 
photoelectrons. 
‘, Number of photoelectrons emitted per second (n), 


n=(2 Jo. 10'') = 6.25x 10" 


= 1.18x 10" 


100 
(iv) (a) K max = E; — work-function =(10.6- 5.6) = 5.0 eV 
(v) (d) K min =0, kinetic energy of photoelectrons varies 
from 0 (KE) „x. Hence, minimum possible KE of any 
photoelectron is zero. 
Intensity It is the number of photons passing through 
an area in a given interval of time. Its SI unit is 
watt/steradian. 
In photoelectric effect, we can observe that most 
electrons get scattered into the metal by absorbing a 
photon. 
Thus, all the electrons that absorb a photon does not 
come out as photoelectron. Only a few comes out of 
metal whose energy becomes greater than the work 
function of metal. 
The value of threshold frequency is more than 10" Hz. 


Since, work function is given as, 
W, = hv, 
= Wy = Vo 
As work function of metal X is higher than metal Y, so 
metal X has higher threshold frequency than metal Y. 
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23. We know that, 


24. 


25. 


26. 


28. 


29. 


30. 


31. 


ios 


o 
Hence, metal B has lower threshold wavelength. 


The photocurrent increases linearly with the intensity of 
incident radiation. 


Curves 1 and 2 correspond to similar materials, while 
curves 3 and 4 represent different materials, since the 
value of stopping potential for the pair of curves 

(1 and 2) and (3 and 4) are the same. For given frequency 
of the incident radiation, the stopping potential is 
independent of its intensity. So, the pairs of curves 

(1 and 3) and (2 and 4) correspond to different materials 
but same intensity of incident radiation. 


Metal A has higher value of work function because the 
slopes of both materials are constant and the intercept 
of the line depends on work function. 


. As, Kua, = hV- W, 


_ Kax tW 
© h 
“ Wo > Wop and K max is same, hence v, > v,. 
We know that, 
K max = €V = hV- vo) 


Here, V=V 
7 eV, = h(v, — vo) 
=> eV, =0 

Vy =0 


Hence, stopping potential becomes zero when frequency 
of incident radiation is equal to threshold frequency. 


All the electrons in the photo-sensitive material do not 
belong to the highest level of energy. The energies of 
the free electrons in the material belongs to many 
different closely spaced levels. So, the energies of the 
photoelectrons emitted from the material are distributed 
over a certain range. 


Since, Į œ — 


~ 


N 
n 
E) p3 
eee 
N 


So, à i 
I 


Photoelectric 
current 


Stopping 
potential 


N 
= Vo 
+- Retarding potential 


O Collector plate — 
potential 


32. 


33. 


34. 
35. 


36. 


37. 
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Variation of photoelectric current versus potential for 
different intensities. 
According to first statement, when the materials which 


absorb photons of shorter wavelength has high energy 
of the incident photon on the material and low energy 


of emitted photon of longer wavelength. 


But in second statement, the energy of the incident 
photon is low for the substances which has to absorb 
photons of larger wavelength and energy of emitted 
photon is high to emit light of shorter wavelength. 


This means in this statement material has to supply the 
energy for the emission of photons. But this is not 
possible for a stable substances. 


For a given frequency, intensity of light in the photon 
picture is determined by 

p= Snerey of photons _ nx hv 

area X time Axt 

where, n is the number of photons incident normally on 
cross-sectional area A in time t. 
Refer to text on page 440. 
The number of photons of beam A = n4 


The number of photons of beam B = ng 
According to the question, n, = 2ng 


Let v4 be the frequency of beam A and v, be the 
frequency of beam B. 


Intensity = Energy of photons 
= I (hy) x Number of photons 


Ta "aya 
Is MgVp5 
According to the question, I, = I, 
v n 1 
NAV, =NgV, or — ==- 
Vg na 2 


So, Vg = 2V4 

The intensities for both the monochromatic radiations 

are same but their frequencies are different. It 

represents 

(i) the number of electrons ejected in two cases are same 
because it depends on the number of incident 
photons. 

(ii) As, KE max = AV = by = hc /À — bo 

[Einstein’s photoelectric equation] 

“. The KE max of violet radiation will be more. 

(i) Here, it is given that, an electron absorbs 2 photons 


each of frequency v, then v’ = 2y 
where, v’ is the frequency of emitted electron. 


Given, Emax = AV- Qo 
Now, maximum energy for emitted electrons, 
Efax = h(2V) - 0 
= 2hv - 0, 
(ii) The probability of absorbing 2 photons by the same 
electron is very low. 
Hence, such emission will be negligible. 


pual Nature of Radiation and Matter 


38. The variation of stopping potential with the frequency 
"of radiation, incident on a metal plate is a straight line 
AB as shown in the figure. 


Take two points C and D on the graph. 


Stopping [Yo 
potential (V) 


Vo Vy Vo 
Frequency of radiation (v) —— 


The corresponding frequency of radiation is v,, V, and 
stopping potential is V,, V}. 


Then, eV, =hv, — 0, and eV, = hv, - 6, 
e(V, 5 V, )= h(v, = v) 
V, = V, 
or ji ev) 
Va — Vi 


Thus, Planck’s constant can be determined. 


39. During photoelectric emission, the 
momentum of incident photon is 
transferred to the metal. At microscopic 
level, atoms of a metal absorb the photon Raa 
and its momentum is transferred mainly Ligh 
to the nucleus and electrons. 


Electron 


Metal 


The excited electron is emitted. Therefore, the 
conservation of momentum is to be considered as the 
momentum of incident photon transferred to the 
nucleus and electrons. 


40. Given, 4 =4125nm =4125 x 10° m 


he 663x10™ x3x10° 
A 4125 x10? x1.6x10™ 
=301eV 
From the given question, work function (ġ) of the 
following metals are given as 
Na > 1.92, K> 2.15 
Ca 3.20, Mo => 4.17 
As the given energy is greater than the 


Work function of Na and K only, hence these metals 
shows photoelectric emission, 


Refer to text on page 438 (Photoelectric Effect and Wave 
Theory of Light) 


From Einstein's photoelectric equation, 


E= 


41. 
42, 


7s ] > 
K mar = 7 Vma =hv-v,) 


Where, h = Planck's constant, 
V = frequency of incident light 


and v, = threshold frequency of the photosensitive 
Surface, 
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So, for photoemission to takes place, v> V,. 


As the wavelength of light incident is same for all the 

three surfaces, so 

(a) threshold frequency of surface A is higher than the 
frequency of incident light, as no emission takes 
place. 

(b) threshold frequency of surface B is equal to the 
frequency of incident light, as photoelectrons are just 
emitted. 

(c) threshold frequency of surface C is lower than the - 
frequency of incident light, as the emitted 
photoelectrons have some kinetic energy. 


(Vo)a > (Vo g > (Vo Je 


43. (i) Refer to the text on pages 435 to 437. 


(ii) Refer to the text on page 438. 


44. (a) The variation of stopping potential (V,) for the 


photoelectron versus ` graph is as shown below 


1/ 
WA, 1A, 


Take any two points C and D on the graph as shown 


above. 

According to Einstein's photoelectric equation, we 
can write, eV, = es Oo al) 
Ai 

where, , is the work function of metal A. 
and eV, = aE ON (ü) 
- A» 
Subtracting Eq. (i) from Eq. (ii), we get 
= e(V, - V,)=he ~-+} 
2 1 


na CVa- V) _ eV- VN, 


(> -}) c(A, -A,) 
A, i, 


Thus, Planck's constant can be determined from 
graph, 


Note Since, his a constant, so it will be same for both 
metals A and B. 


(b) Stopping potential (V,) for the electrons emitted will 
not be affected by the increase in distance between 
light source and the metal surface A. This is because 
Vo is independent of the intensity of the incident light 
but depends only upon the frequency (or wavelength) 
of incident light. So, increase in the given distance 
affects only the intensity of the light but not the’ 
frequency. Thus, V, remains same. 


or 


F32 


45. (i) Since, we know that, to eject an electron, a photon 
must have energy at least as great as work function 
(W,) and thus the minimum or cut off frequency to 

: w, 

eject an electron is f, = —*. 

n 
If the incident light has the frequency below this cut 
off frequency, electrons are not ejected from the metal 
surface, so we have to increase the value of =) 


c 
ie. decrease the value of wavelength (2s = A 


(ii) (a) is the best explanation. 


46. (i) Since, photoelectric current depends intensity of 
incident radiation and does not depend on the 
frequency of incident radiation. Therefore, when 
frequency of incident radiation is increased to double, 
then photoelectric current remains same. This is 
shown in the following graph 


Photoelectric current 


vı=v  və=2v Frequency 
(ii) Kinetic energy of emitted photoelectrons, 


1 
= 5 Vina =h > K«vy 
Hence, on increasing the frequency of incident 


radiation to double, kinetic energy of .emitted 


photoelectrons also will increase to double. This is 
shown below 


| 


K|, 
Vo 
—> Frequency (v) 


W, 


where, v, = threshold wavelength, 
47. For the graph, refer to text on page 437. 


(i) From the graph for the same value of v 


, Stopping 
potential is more for material B. i 


As, V = Ay) 
e 


<. Vis higher for lower value of Vo: Here vy < v4, so 
Va > V}. 
(ii) Slope of the graph is given by h which is constant for 
e 


all the materials. Hence, slope of the graph does not 
depend on the nature of the material used. 


48. 


49. 


50. 
51. 


52 
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Cut-off voltage and threshold frequency 

Refer to text on pages 436 and 437. 

Graph between stopping potential (V,) and 
frequency (Vv). 

Refer to text on page 437. 

For cut-off frequency, refer to text on page 437. 
Given that threshold frequency of metal is f and 
frequency of light is 2f. Using Einstein's equation for 
photoelectric effect, we can write 


1 
h(2f — f)= 7m (i 
Similarly, for light having frequency 5f, we have 
1 
h(Sf — f)= mv; (ï) 


Using Eqs. (i) and (ii), we find 
f yi 


af. v3 


m fisz- 
V, 4 v 2 


Refer to the text and graph on page 437. 


(i) Refer to text on page 438. 
(ii) Energy of incident photon is less than work function 
of P but just equal to that of Q. 


(i) For Q, 


Work function, Q, = AY fey) 
e 


_ 66X10 x10" 
16x10? 
=4d1eV 
- (i) Refer to text on page 474. 
(ii) Since, Einstein's photoelectric equation is given by 


1 > 
mas > 7 eV imax =hyv- hy o= eV, 


(a) For a given material, there exist a certain minimum 
frequency of the incident radiation, below which 
no emission of photoelectron takes place. This 
frequency is called threshold frequency (Vo) 
Above threshold frequency, the maximum kinetic 
energy of the emitted photoelectron or equivalent 
stopping potential is independent of the intensity 
of the incident light but depends only upon the 
frequency of the incident light. 

If the collecting plate in the photoelectric 
apparatus is made at high negative potential, then 
most of the high energetic electrons get repelled 
back along the same path and the photoelectric 
current in the circuit becomes zero. So, for a 
particular frequency of incident radiation, the 
minimum negative potential for which the electric 


Current becomes zero is called cut-off or stopping 
potential (V). 


(b 


— 
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53. Einstein’s photoelectric equations and its features 
Refer to theory on pages 438 and 439, 


According to the photoelectric equation, 


> l 2 
K max = 2 MV max = hv — Oo 


Kiai —'% (i) 


Let the maximum kinetic energy for the incident 
radiation (of wavelength 2 ,) be K^ ax- 


i } 
> K max = i. a Oo > (ii) 
From Eqs. (i) and (ii), we get 
he he F . 
ka > Do = {ts K3 [K ma = 2K max] 


54. (a) Refer to text on page 438. 
Refer to text on page 436. 


55. (a) The energy of photoelectrons in a photocell is given 
by, 


So, if the frequency of light incident on the cathode is 
increased, the energy of photoelectrons increases 
linearly. 

(b) As, photoelectric current/photocurrent of the 
photocell is independent of frequency of the incident 
light, till intensity remains constant. So, when the 
frequency of light incident on the cathode of 
photo-cell is increased keeping other factors same, 
the photoelectric current remains the same. 


56. Main implications of observations obtianed from various 

photoelectric experiments given as 

(i) For a given material and a given frequency of incident 
radiation, the photoelectric current or number of 
photoelectrons ejected per second is directly 
proportional to the intensity of the incident light. 

(ii) For a given material, there exists a certain minimum 
frequency of the incident radiation below which no 
emission of photoelectrons takes place. This 
frequency is called threshold frequency. 


#55 


Above the threshold frequency, the maximum kinetic 

energy of the emitted photoelectrons or equivalent 

stopping potential is independent of the intensity of 

the incident light but depends upon only the 

frequency (or wavelength) of the incident light. 
Photoelectric Effect and Wave Theory of Light 
Huygens’ wave theory of light could not explain the 
photoelectric emission due to the following main 
reasons 


(i) According to the wave nature of light, the free 
electrons at the surface of the metal absorb the radiant 
energy continuously. 


The greater the intensity of radiation, the greater 
should be the energy absorbed by each electron. The 
maximum kinetic energy of the photoelectrons on the 
surface is then expected to increase with increase in 
intensity. 

But according to experimental facts, the maximum 
kinetic energy of ejected photoelectrons is 
independent of intensity of incident radiation. 

(ii) According to wave theory of light, no matter what the 

frequency of radiation is, a sufficiently intense beam 
of radiation should be able to impart enough energy 
to the electrons, so that they exceed the minimum 
energy needed to escape from metal surface. 
A threshold frequency, therefore should not exist 
which contradicts the experimental fact that, no 
photoelectric emission takes place below that 
threshold frequency, no matter whatsoever may be its 
intensity. 


57. Given, cut-off voltage, 


58. 


59. 


V, =1.5V 
Maximum kinetic energy is given by, 
KE max = Vy =1.5 eV 
=1.5Xx1.6Xx107"” 
=24x10"] 
Given, Qy = 4.2 eV 
4.2X 16x10 J 
672x107" J 
and A =330nm =330x10°m 


h 
Energy of incident photon, E = x 


_ 6.63 107 x 3x 10° 
330x 10” 
= 6.027x 107) 


As energy of incident photon E < 99, hence no 
photoelectric emission will take place. 


We know that, hv = hva +eV, 
` 1 
where, eV, = 5mm 


= 4eV or eV, =4eV 
V =4V 
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60. Given, slope of graph, 
tan 6 = 4.12107" V-s 


Charge on electron, e =1.6x 107 C 
Slope of graph of cut off voltage versus frequency is 


tan 8 = — 
y 
V h 
We know that, hv =eV or —= ^ 
v e 
-, fy 12 x 10" 
e 
=> h=16 x10" x 4.12 x10" 
= 6592 x 10°*J-s 


6L (i) Energy = eV = hy F 
y= EV _ 16x10" x30 x10° 


or 7 = 7.24 x10" Hz 
h 6.63 X10 
(ii) As, c=vA 
x 10° 
~. Wavelength, A = fl = = 0.0414 nm 
V 7.24 x10 


62. (i) As given in the question, 
Amin = 045A = 045x107 m 


The maximum energy of an X-ray photon is, 


Ea = IN. = c 


* min 
_ 663 x10" x3 x10° 
0.45 x 107'° 
6.63 x 3x 107" 
= -19 e 
045x16x10 
= 276 10° eV 
= 27.6 keV 
(ii) In X-ray tube, accelerating voltage provides the energy 
to the electrons which produces X-rays. For getting 
X-rays, photon of 27.6 keV is required such that the 


incident electrons must possess kinetic energy 
27.61 keV. 


Energy = eV = E, eV = 27.6 keV 
V = 27.6 kV = 30kV 


So, the order of accelerating voltage is 30 kV, 
63. Using the formula for kinetic energy, 


Cut-off voltage, V, = va) 


_ 6.63x 10™ (8.2x 10" — 3.3x 10") 
mLDL NOX = 33X10) 


a = 2.03 V 
1.6X10 


G64. 


65. 


66. 


67. 


68. 
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Given, À =5000A =5x1077 m ‘ ; 
and Qy =12eV =1.2x16x10"]J=192x10”] 


We know that, eV, = hv — hv, = — -7 


P h 
= he/A — by | s] 


he 0, _ 662x10 x3x10" 192x10! 
eù e 16x10®x5x107 16x10" 
= 24825-1.2=1.28V 


Given, 
V=7.21x 10“ Hz, m=9.1x 10°" kg 


Vmax = 6X 10° m/s 


Let v, be the threshold frequency. 
Use the formula for kinetic energy, 


KE = S mvi =hv- hv, 


nl 


X 9.1x10™ x(6x10°)’ =6.63x10™(v-v,) 


36 x 9.11077 
2 X 6.63 X10 


Vo = 4.74 x 10" Hz 


= 2.47 x10" Hz 


Given, for the first condition, A = 600nm 
For the second condition, A’ =400nm 
Kus = 2K max 


_ he he 


Here, Kan = TO S Kaas = 55 ~ 90 
1240 1240 
> (22 - o) = (2 - o) [he = 1240 eV-nm] 
600 400 
= = 1240 «os ev 
1200 


Total energy of 2 y-rays = 10.2 BeV= 10.2x 10° eV 
. Energy of each y-rays, 


1 
E = (10.2 x 10” x 1.6 x107 °) J=8.16 x 1079 


As energy of y-rays, E = hy = R 


; he _ 663x10™ x 3 x 108 

aA se ER = 2.43 10 m 
E 8.16 x 10 

Given, Pai =4.28eV, Ha = 287eV 

Also, b= hy, 


Par = 4.28eV = hvy 
_ 4.2816 x10"! 
Se 


6.62 x 10734 


-19 
Similarly, Voce = 2.87 x 16X10 
662x10 


> Voa = 1.03 x105Hz 


= 6.93 x10"Hz 
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(i) Aluminium requires higher frequency of light to 72. Given, work function of caesium metal, 6, = 2.14 eV 


produce photoelectrons, i.e. 1.03 x 10" Hz 
(ii) Ca has minimum frequency, i.e. 6.93 x 10'' Hz that will 
produce photoelectrons from each surface. 
69. Energy of the incident radiation of wavelength i, 
he _ (663 x 107**) x (3 x 10°) 
A 3300 x 107 x1.6x107 


=376eV 
This energy of the incident radiation is greater than the 
work function of Na and K but less than those of Mo 
and Ni. So, photoelectric emission will occur only in Na 
and K metals and not in Mo and Ni. 


If the laser is brought closer, the intensity of incident 
radiation increases. This does not affect the result 
regarding Mo and Ni metals, while photoelectric current 
from Na and K will increase in proportion to intensity. 

70. (i) Since, Q has greater negative intercept, it will have 
greater ¢ (work function) and hence higher threshold 
frequency. 

(ii) To know work function of Q, we put 
V =0 in the following equation. 


yilv_?o 
e e 

=> sW tas ġ=hvy 
e e 


þ=66x10™ x6x10 J 
_ 666 x10” 
16x107" 


(iii) From the equation, vA = c 
p£ 3x10% _30 


eV=25eV 


= — == => x107m 
v 8xio 8 
0 
== «10° x10 "m == «x 10°A =3750A 
12375 12375 
Energy = —— = —— eV =33 eV 
j A(A) 3750 
. Maximum KE of emitted electron = 33 — 25 eV 
=08eV 


71. (i) Refer to Q. 56. 
Thus, work function of B is higher than A, 


(ii) For metal A, slope = h = PERN. eee 
e (10-5)x10" 


2xe _2x16x10” 


5x10" 5x10" 
64 x 10™ J-s 


For metal B, slope = h = 25 
e (15-10) x10" 
25xe 25x16x10” 
or h=——~=- =8x10™ J-s 
5x 10 5 x 10" 
Since, the value of h from experiment for metals A and 


B is different. Hence, experiment is not consistent 
With theory. 


or h= 


Frequency of light, v = 6 x 10" Hz 
(i) Work function, 6, = 214 eV, v=6 x10 Hz 
Kaz = hV— 9, 
= 663 x10 x6 x10" — 214 
6.63 x 6 x 10° 
16x10" 
= 248 — 214 =034 eV 


(ii) Let stopping potential be V,. 
We know that, KE... =eV, 


eV — 214 


= 0.35 eV = eV, 
V, =035 V 
(iii) Maximum kinetic energy, KE „= L mva 
1 


035 eV = SMV ina 


(where, v,,,, is the maximum speed and m is the mass 
of electron) 


035k 2x 16x10" , 3 
iv fre =16 x 1077] 


9.1 107 
> v2. = 0123 x 10" 
=> Vmax = 35071355 m/s 


= 3507 km/s 


73. Refer to Q. 59. 


h=6377 x10" J-s 


74. Here, for neon lamp, A = 640.2 nm = 640.2 x 10m 


V =054V 
he 
We know that, eV, = T$ A 


. Work function, 0) = x = eV, 


_ 663 x 10" x 3 x 10° 
640.2 x 10° 
= (3.1 x 10°? —0.864 x 107") J 


P -19 
. x ~~ 
= 2.236 x 10°" J= 2.236 x 10 oy ~1.4eV 


1.6 x 107? 


— 16x 107" x 0.54 


For iron source, A =427.2 nm = 427.2 x 10°m 


-4 8 
' eV = "e aaya a _ = — 2.236 x 107? 
427.2x 
= (4,656 x 107"? — 2.236 x 107") J 
= 242x107 "J 
2.42 >.107!? 
. Stopping potential, V, = —————— 
e 
24; x10" | 
Sexon SY 
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T5. Given, the following wavelengths from a mercury 
source were used 


A, =3650A = 3650 x 107° m 
A, = 4047 À = 4047 x10°™ m 
A, = 4358 A = 4358 x10" m 
A, =5461 À = 5461 x 10™™ m 
As = 6907 À = 6907 x10" m 
The stopping voltages are as follows: 


Vai = 1.28 V, Voz = 0.95 V, Vy = 0.74 V 
Va = 0.16 V and Vy =0 


Frequencies corresponding to wavelengths, 


s 
x 
V,=—= oe 8.219 x 10* Hz 
A, 365010 
Similarly, 


V; = 7.412 x10" Hz, v, = 6.884 x10" Hz 
V4 = 5.493 x10" Hz, v, = 4.343 x 10“ Hz 
As we know that, eV, = hv — 0, 


V, = hv _ 90 
0 
e e 
As the graph between V, and frequency v is a straight 
line. 


The slope of this graph gives the values of 2 : 


e 
. h_ Va- Voa _ 1.28 — 016 ` ANR 
e€  Vi=V, (8219—5493) x10 2726x 10" 


p= 112X 1.6 x 10°” 


eat = 6.573 x10 J-s 
$ x, 


AS, Vaverage =5 X10 Hz [given] 


“. Work function, Q, = hv, = 6.573x 107" x 5 x 10" 
= 32.865x 10° J = 2.05 eV 


76. We have, E = hy == 


663 x10" x3 x108 
E = 
4000x107” 
T7. Maximum wavelength of visible light 
(i.e. of red light) is 7800 A. 


. he _ 12400 (eV - A) 
<. Energy of red light, E =— =’ ev - A) = 16eV 
sid E 2 7800 (A) 


78. Energy of a photon, E = s 


=496x10" J 


“. Number of photons incident 


per square metre per 
second, 


—-P_P_ pa _(1.388x 10°)x 550x 107 
et SE Ae 10 )x550x 1077 
E hce he (6.63x 107™)x (3x 10°) 


= 384 x 10" photons/m?-s 
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79. Suppose wavelength of X-rays is à, and the wavelength 
of visible light is 4. 
Given, P=100W, A, =1 nm, À, =500 nm 


Also, n, and n, represent number of photons of X-rays 
and visible light emitted from the two sources per 


second. ; n 
E c c 

So, m raat A 
t l 2 

aion Piai, he aa, 
L Bs n, A, 500 


80. Refer to example 4 on page 475. 

(i) E=211eV (ii) n=3x10" photon / s 
81. Here, A =500 nm =5x10 m 

Energy of one photon 
he _663x10™ x3x10° 
ye 5x107 

=398x10" J 

A bulb of 100 W supplied 100 J of energy per second. 


<. Energy released per second as visible photons 
100 x10 


100 


. Number of photons emitted per second as visible light 
10 


~ 398x107" 
82. Here, I =10° Wm”, A = 2x1074 mê 


= 2.5x10'° 


n=5,t =?, 
Qo =2eV=2x16x10 "J 


Sodium has one conduction electron per atom and 
effective atomic area = 107° m? l 
Number of conduction electrons in five layers 
— 5X Area of one layer ~ 3X 2X10 3 =10" 
Effective atomic area 10° 
Incident power, P = Intensity x Area 
=10° x 2x1074=2x107 W 


According to wave picture, the incident power is 
uniformly absorbed by all the electrons continuously. 
Hence, energy absorbed per second per electron 

- Incident power 
Number of electrons of five l 
2X 10° 


107 


ayers 


=2x 10 w 


©. Time required for Photoelectric emission will be, 
ti Energy required per electron for ejection 
Energy absorbed per second per atom 
— 2X1.6x 107 


2x192 > = 16 X10"s 


TOPIC 2| 
Matter Wave 


e theory of electromagnetic radiations explained the 
7 y . . ’ ` . 
veninta on of interference, diffraction and polarisation 
¢ 


of light- 
on the other hand, quantum theory of electromagnetic 
diations successfully explained the photoelectric effect, 
Compton effect, black body radiation, X-rays spectra, etc, 


from photoelectric and Compton effects, it is clear that a 
uticle (photon of radiation) is colliding against another 
article (electron). It is due to this reason it was concluded 
that, in photoelectric effect and Compton effect, the 
radiation possesses particle nature. 


It means radiation sometimes behaves as a wave and 
sometimes as a particle. Therefore, Louis Victor de-Broglie 
suggested that the particles like electrons, protons, 
neutrons, etc., have dual nature, i.e. they can have particle 
as well as wave nature. 


Note Matter cannot exist both as a particle and as a wave 
simultaneously. At a particular instant of time, it is either the one or 
the other aspect, i.e. the two aspects are complementary to each 
other. 


WAVE NATURE OF 
PARTICLES: 


(DEBROGLIE HYPOTHESIS) 


According to de-Broglie, a wave is associated with moving 
material particle which controls the particle in every respect. 
The wave associated with moving material particle is called 
matter wave or de-Broglie wave whose wavelength is called 


de-Broplie wavelength which is given by À = 2 


mv 
where, m and v are the mass and velocity of the particle and 
his Planck’s constant, 


According to Planck’s quantum theory, the energy of the 
Photon is given by 


he 
E = hy = — a(i) 
a 
According to Einstein’s theory, the energy of the photon is 
given by 
E =m? . (ii) 
Therefore, from Eqs. (i) and (ii), we get 
=— or |À = R 
me p 


where, p = me is momentum of a photon. 


Ifa material particle of mass m is movin 
then momentum of the particle, p = mv. 


According to de-Broglie hypothesis, the wavelength of wave 
associated with moving material particle becomes 


g with velocity v, 


which is the expression for de-Broglie wavelength. 


From the above expression following observations we made 
(i) The de-Broglie wavelength 1 œ d If the particle 

v 
moves faster, then the wavelength will be smaller and 


vice-versa. 

(ii) If the particle is at rest (v=0), then the de-Broglie 
wavelength is infinite (A = ee). Such a wave cannot 
be visualised. 

(iii) The de-Broglie waves cannot be electromagnetic in 
nature because electromagnetic waves are produced 
by motion of charged particles. 

(iv) The wavelength of a wave associated with moving 
particle defines a region of uncertainty, within which 
the whereabouts of the particle are unknown. 

These facts lead to Heisenberg’s uncertainty principle. 
According to this principle, it is not possible to measure 
both the position and momentum of a particle at the same 
time exactly. There is always some uncertainty (Av) in the 
specification of position and some uncertainty (Ap) in the 
specification of momentum. The product of Ax and Ap is 


h 
of the order of ħ, (with à = —), 
2n 
h 
ie. Ax Ap = h=—. 
ie. Ax Ap Si 


Common Features of Matter Waves 


Some common features of matter waves are as given below 


(i) Matter waves can travel in vacuum and hence they are 
not mechanical waves. 
(ii) Matter waves are probability waves, amplitude of 
which gives the probability of existence of the particle 
“at the point.lfat a point, the amplitude of the wave is 
A, then probability of the particle being found ina 
small volume dV around that point is| AJ? dV. 


458 


EXAMPLE |1| An electron and a photon each have a 
wavelength 1.00 nm. Calculate 
(i) their momenta, 
(ii) the energy of the photon and 
(iii) the kinetic energy of electron. NCERT 
Sol. Given, A =1 nm = 1x 10° m, h=6.63x 10" J-s 


c=3x 10° m/s, p =?, E=?, K=? 


(i) Momentum of the photon, Pp = = 


6.63 x 10° 
=———— = 6.63x 10° kg-m/s 
1x 10 h 
Momentum of the electron, p, = X 
„aka 6.63X 107° kg-m/s 
1x 10° f 


{ii) Energy of the photon, 


h 63x10 x3 x10° - 
Pie SE. peg ET 


(iii) Kinetic energy of the electron, 


p? _ (663x10*)? 


2m 2x9.1x102" Tae se 
R ‘ 


K= 


EXAMPLE |2] A proton and an electron have same 
de-Broglie wavelength. Which of them moves fast and 
which possesses more kinetic energy? Justify your answer. 
SoL Kinetic energy of particle of mass m having momentum 
pis given by 


2 
K= 2 = p= V2mK 
m 


h h 
The de-Broglie wavelength, 4 = — = 
g gth flea 
f= 2 (i) 
k we 
and K= om? (ii) 


If A is constant, then from Eq. (i), we get 
p = constant, i.e. m,v, = m,v, 


v 
or = 
Ve 


or VS Y, 


; ¥ 1 
If A is constant, then from Eq. (ii), K « — 
m 
te. K, m, 
K. m, 
It means that the velocity of electron is greater than that 
of proton. Kinetic energy of electron is greater than that 


of proton. 


<1lor K, < Ke 
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Relation between de-Broglie 
Wavelength (A) and Temperature (T) 


From kinetic theory of matter, the average kinetic energy of 
a particle at a given temperature T kelvin is given by 


3 
=—kT 
in 2 


where, $ = Boltzmann constant. 
If a particle of mass m is moving with velocity v, then its 
kinetic energy is, 


K=—mv’ 
2 


Momentum of particle is 


p =mv =42mK 
=,|2m x SAT = V3mkT 


EXAMPLE |3] Find de-Broglie wavelength of neutron 
at 127° C. Given, mass of neutron =1.66 x 10” *” kg, 
Boltzmann constant, k = 1.38x 10-J mol”? K, 

and Planck's constant, h =6.63x 107* J-s. 


Sol. Here, 
T =127°C= 127+ 273= 400K 


Energy of neutron at127° C, 
3 
E= 2 kT == x 138 x 10 x 400 


=8.28x 1077! J 
x = h 


V2mE 
6.63 x 1074 


2 X 1.66 x 1072” x 8.28 x 107?! 


= 1.264 x107 m 
= 1.264 Å 


de-Broglie Wavelength of an Electron 


Let an electron of charge e having mass m be accelerated 
from rest through a potential difference V, then 


EE E Oe 
Gain in kinetic energy of an electron = 2 mv? 
2 


Work done on the electron = eV 


1 
zme? =eV 
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_ pz 
= a m 


Momentum is given by p =mv = V2eVm 
The wavelength associated with moving charge is given by 
h h 


N=-= wilt 
Pp wv2meV 


If accelerated charge is electron, then A = 


h 
[2eVm, 
where, m, = mass of electron, 


Substituting the numerical values of b, m, ande in Eq. (i) we 
get 
6.63 x107” 


SS. AA 
2x9x107! x1.6x10 2 xV 


EXAMPLE !4| Determine the de-Broglie wavelength 


associated with an electron, accelerated through a 
Potential difference of 100 V. 


Sol. Given, potential difference (V)=100V 


“. de-Broglie wavelength (2) = 12.27 12.27 _ 


In this case, the wavelength associated with an electron 
is of the order of wavelength of X-rays. 


| TOPIC PRACTICE 2| 


OBJECTIVE Type Questions 
1. The de-Broglie wave of a moving particle does 
not depend on 
(a) mass (b) charge 
(c) velocity (d) momentum 
2. The de 


-Broglie wavelength of a particle of KE, 
What will be the wavelength of the 


Particle, if it's kinetic energy is =? 


(a) À 
Os AA 


K is}, 
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* Aproton, a neutron, an electron and an 


a-particle have same energy. Then, their 
de-Broglie wavelengths compare as 

(A, =A, >A. > Aa (A, <A, =1,>A, 
()A, <A, =A, > Aa (dà, =,=}, =A 


a 


* Which of the following figures represent the 


variation of particle momentum and the 
associated de-Broglie wavelength? CBSE 2020 


ZAS 


| 
= 


VA 
) 
ey 
p ` p 
À i | 
(d) 
—X —} 


(a) 
(c) 


* The kinetic energy of a proton and that of an 


a-particle are 4 eV and 1 eV, respectively. The 


ratio of the de-Broglie wavelengths associated 
with them, will be 


(a) 2:1 
(c)1:2 


(b)1:1 
(d)4:1 


VERY SHORT ANSWER Type Questions 


6. What consideration led de-Broglie to suggest 


that material particles can also show wave 
property? 


- Are the matter waves electromagnetic in 


nature? 


- Show graphically the variation of de-Broglie 


wavelength À with the potential V through 
which an electron is accelerated from rest. 
Delhi 2011 


- Write the expression for the de-Broglie 


10. 


1i 


wavelength associated with a charged particle 
having charge q and mass m, when it is 
accelerated by a potential V. Delhi 2013 


A photon and an electron have the same 
de-Broglie wavelength, which one has higher 
total energy? 


A proton and an electron have same kinetic 
energy. Which one has greater de-Broglie 
wavelength and why? All India 2012 
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12. Aphoton anda proton have the same 
de-Broglie wavelength A. Prove that the energy 
of the photon is (2mAc/h) times the kinetic 
energy of the proton, CBSE 2019 


13. A particle with rest mass My is moving with 


velocity c. What is the de-Broglie wavelength 
associated with it? 


14. 


Plot a graph showing variation of de-Broglie 
wavelength (A) associated with a charged 


; l ; 
particle of mass m, versus ——, where V is the 


W 
potential difference through which the particle 
is accelerated. How does this graph give us the 
information regarding the magnitude of the 
charge of the particle? 


SHORT ANSWER Type Questions 


15. Why is the wave nature of matter not more 
apparent to our daily observations? 


16. Show that the wavelength of electromagnetic 
radiation is equal to the de-Broglie wavelength 
of its quantum (photon). NCERT 


17. A proton and ana-particle are accelerated 
through the same potential. Which one of the 
two has 

(i) greater value of de-Broglie wavelength 
associated with it and 
(ii) less kinetic energy? 
Give reasons to justify your answer. 
Delhi 2014 


18. The two lines marked A and B in the given 
figure, show a plot of de-Broglie wavelength 2 


1 . 
versus —, where V is the accelerating potential 
W PE 


for two nuclei 7H and 3H. 
A 


1 
W 
(i) What does the slope of the lines represent? 


(ii) Identify, which of the lines corresponded to 
these nuclei. All India 2010 


19. Assuming an electron is confined to a1 nm 
wide region, find the uncertainty in momentum 
using Heisenberg uncertainty principle 
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(Ax x Ap = h). You can assume the uncertainty jn 
position Ax as 1 nm. Assuming p = Ap, find the 
energy of the electron in eV. NCERT Exemplar 


LONG ANSWER Type I Questions 


20. 


21. 


22. 


An electron, o-particle and a proton have the 
same de-Broglie wavelengths. Which of these 
particle has 

(i) minimum kinetic energy? 

(ii) maximum kinetic energy and why? 

In what way has the wave nature of electron 
beam exploited in electron microscope? 


Electrons are emitted from the cathode of a 
photocell of negligible work function, when 
photons of wavelength à are incident on it. Derive 
the expression for the de-Broglie wavelength of 
the electrons emitted on terms of the wavelength 
of the incident light. All India 2017 C 


(a) Explain de-Broglie argument to propose his 
hypothesis. Show that de-Broglie 
wavelength of photon equals 
electromagnetic radiation. 


(b) If deuterons and alpha particle are 
accelerated through same potential, find the 
ratio of the associated de-Broglie 
wavelengths of two. 


NUMERICAL PROBLEMS 


23. 


24. 


26. 


A particle is moving three times as fast as an 
electron. The ratio of the de-Broglie wavelength 
of the particle to that of the electron is 

1.813 x 10~*. Calculate the particle’s mass and 


identify the particle. - All India 2011 
de-Broglie postulated that the relationship, 


t., i 
= r is valid'for relativistic particles. Find out 


the de-Broglie wavelength for an (relativistic) 
electron whose kinetic energy is 3 MeV. 


The wavelength of light from the spectral 

emission line of sodium is 589 nm. Find the 

kinetic energy at which 

(i) an electron and 

(ii) a neutron would have the same de-Broglie 
wavelength? NCERT 

What is the 

(i) momentum (ii) speed and 


(iii) de-Broglie wavelength of an electron with 
kinetic energy of 120 ev? NCERT 
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71. 


28. 


29 


30 


31 


32. 


33. 


34, 


35, 


(i) Determine the de-Broglie wavelength of a 
proton whose kinetic energy is equal to the 


rest mass energy of an electron. Mass of 


proton is 1836 times that of electron. 
(ii) In which region of electromagnetic 
spectrum does this wavelength lie? 
All India 2011 


What is the de-Broglie wavelength of 
(i) a bullet of mass 0.040 kg travelling at the 
speed of 1.0 km/s 
(ii) a ball of mass 0.060 kg moving at a speed of 
1.0 m/s 
(iii) a dust particle of mass 1.0x 10° kg drifting 
with a speed of 2.2 m/s? NCERT 


Obtain the de-Broglie wavelength of an 
electron of kinetic energy 100 eV. Mass of 
electron = 9.1x 107 °! kg, e = 1.6x 107 "° C, 


h= 6.63x 107 *4 J-s, 


The wavelength of light from the spectral 
emission line of sodium is 590 nm. Find the 
kinetic energy at which the electron would have 
the same de-Broglie wavelength. CBSE 2019 


(i) For what kinetic energy of a neutron will 
associated de-Broglie wavelength be 
1.40x 10° m? 

(ii) Also, find the de-Broglie wavelength of a 
neutron, in thermal equilibrium with matter, 
having an average kinetic energy of (3/2) kT 
and temperature is 300 K. NCERT 


Calculate the 
(i) momentum and 
(ii) de-Broglie wavelength of the electrons 


accelerated through a potential difference of 
56 V. NCERT 


Find the ratio of the de-Broglie wavelength, 
associated with protons, accelerated through a 
potential of 128 V and a-particles, accelerated 
through a potential of 64 V. Delhi 2010C 


A proton and ana-particle have the same 
de-Broglie wavelength. Determine the ratio of 
(i) their accelerating potentials 


(ii) their speeds. All India 2015 


An electron microscope uses electrons 
accelerated by a voltage of 50 kV. Determine the 
de-Broglie wavelength associated with the 
electrons. 
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37. 


38. 


39. 


40. 


41. 


42. (i) Estimate 


46] 


Taking other factors, such as numerical 
aperture, etc., to be same, how does the 
resolving power of an electron microscope 
compare with that of an optical microscope 
which uses yellow light? NCERT, All India 2014 


Crystal diffraction experiments can be 
performed using X-rays or electrons accelerated 
through appropriate voltage. Which probe has 
greater energy? (For quantitative comparison, 
take the wavelength of the probe equal to 1A, 
which is of the order of interatomic spacing in 
the lattice.) (m, = 9.11 x 10° *! kg) NCERT 


An electron is accelerated through a potential 
difference of 64 V. What is the de-Broglie 
wavelength associated with it? To which part of 
the electromagnetic spectrum does this value 
of wavelength correspond? 


Compute the typical de-Broglie wavelength of 
an electron in a metal at 27°C and compare it 
with the mean separation between two 
electrons in a metal which is given to be 


about 2x 107 !° m. NCERT 


Find the typical de-Broglie wavelength 
associated with a He atom in helium gas at room 
temperature (27° C) and 1 atm pressure and 
compare it with the mean separation between 
two atoms under these conditions. NCERT 


The de-Broglie wavelength associated with an 
electron accelerated through a potential 
difference V is à . What will be its wavelength 
when the accelerating potential is increased 

to 4V? 

An electron gun with its collector at a potential 
of 100 V fires out electrons in a spherical bulb 
containing hydrogen gas at low pressure 

~ 1072 mm of Hg). A magnetic field of 283 x10" * 
T curves the path of the electrons in a circular 
orbit of radius 12.0 cm. (The path can be viewed 
because the gas ions in the path focus, the 
beam by attracting electrons and emitting light 
by electron capture, this method is known as 
the fine beam tube method.) Determine e/m 
from the data. NCERT 
the speed with which electrons 
ated emitter of an 


i from a he 
emitted ge on the collector 


evacuated tube impinge | 
maintained at a potential difference of 500 V 


with respect to the emitter. Ignore the small 
initial speeds of the electrons. 
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The specific charge of the electron, i.e. its 
e/m is given to be 1.76 x 10"' C/kg. 

(ii) Use the same formula you employ in (i) to 
obtain electron speed for a collector 
potential of 10 MV. Do you see what is 
wrong? In what way is the formula to be 
modified? NCERT 


| HINTS AND SOLUTIONS | 


1. (b) de-Broglie wavelength, À = boi 
p m 


So, the de-Broglie wavelength does not depend on 


charge. 


h 

2. (c) de-Broglie wavelength, A= „(i 

i eiS TomK k 
When the KE is =. then 

h 3h 

À =-= =3À sing Eq. (i 
B T [using Eq. (i)] 

2m y 


2mk 
or Xo at 
vm 


Since, m, =m, hence À, =A, 
As, Ma > Mp, therefore Aa < Àp 
As, m, < m,, therefore A, > À, 
Hence, Ras Ap EA, <r, 


4. (b) The de-Broglie wavelength is given by 
à =hip => prX=h 
This equation is in the form of yx = c, which is the 
equation of a rectangular hyperbola. Hence, the graph 
given in option (b) is the correct one. 
5. (b) The de-Broglie wavelength associated with a particle 
is given by 
A= 3 
2mK 


Given, K, =4eVand K, =leV 


P : 
Le MaKa _ a! : Jala ia 
ra m,K, 1 4 mp 
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G. The following considerations led de-Broglie to suggest 
that material particles can also show wave property 
(i) The Einstein's mass-energy relationship E = me? ie 
matter can be converted into energy and vice-versa 


(ii) Wave nature loves symmetry, hence from symmet 
consideration particles like electrons, protons should 
exhibit wave nature when in motion. 


7. No, matter waves are not electromagnetic in nature, 
because electromagnetic waves are only associated with 
accelerated charged particles, but de-Broglie wavelength 


A= h i.e. associated with momentum 


1 
8. We know that, A œ —= 


3 


de-Broglie 
wavelength (A) — 


O Electric potential (VY) — 


= XV =constant 


*” constant= f 
V2 me 


9. de-Broglie wavelength, 


nate 
Pp 2mqV 


10. Total energy of an electron, E, = mc? 


Total energy of a photon, E p= s 


de-Broglie wavelength of electron of mass m moving 
with velocity y, 


Ast 
my 
=> it 
Av 
“, Energy of an electron, E, = mc? = ae 
Av 
Ee ody Lf 
E, he y 
À 


Asc >> v, therefore the total energy of electron is more 
than the total energy of photon. 
11. de-Broglie wavelength, 


h h 

Nae , Where K = kinetic energy 
P Am e TST ane 

For given KE, A œ -l 


Vm 
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Since, electrons have smaller mass, ie. 4., > i 
For given kinetic energy, electrons have greater 
de-Broglie wavelength as these have smaller mass. 


{2 Energy of photon, E, -= 
Energy of electron (moving particle), 


de-Broglie wavelength associated with the moving 
particle is 
2. = hip or p = hh. 
1Y 1 F 
“2 m 222m 


E 


e 


E IK h 

232m 
13. de-Broglie wavelength, 
5h _h yi— vse? 
“omy mv 
h1- clc? 
-N ae 0 [= v=} 
mc 


14. The de-Broglie wavelength is given by 
h 


Thus, it gives a straight line graph- 


` h 
} = -p= = slope of grapli 
¥2mq 


Knowing the mass of particle (m) and slope of graph, we 

can calculate charge (q) on a particle. 
. The de-Broglie wavelength associated with a body of 
mass m, moving with velocity v is given by = par, 
Since, the mass of the objects used in our daily life 
is very large, hence the de-Broglie wavelength 
associated with them is quite small and is not visible. 
Hence, the wave nature of matter is not more 
@pparent to our daily observations. 


The momentum of an electromagnetic wave of 
frequency v, wavelength 2. is given by 


16, 
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put 8 
ET h 
or ae 
P 
de-Broglie wavelength of photon, 
h 
i=- 


the de-Broglie wavelength j j 
17. (i) The de-Broglie wavelength of a particle is given 
h 
= 


2mV.g 
So, potential V, is same. 
Since, a-particle and proton both are accelerated 


through the same. 
2 =-= 
baer | 
or a Mele 
h, \ Moe 
As, charge on a-particle = 2 x charge on proten 
g, 1 
= = -L = 
qa = 24; = 2 
Mass of a-particle = 4 x mass of proton 
m =4xm, > — =1 
m, 4 
de. Pd 
`? \4 2 2/2 
=> A, = wh, 
ie proton has greater de-Broglie wavelength than 
that of a-particle. 


(ii) KE = q (for same accelerating potential) 
The charge of an a-particle is more as compared to a 
proton. So, it will have a greater value of KE . Hence, 


proton will have lesser KE 
18. de-Broglie wavelength of accelerating charged particle is 
given by 
À =- > AVV = = constant 


2mqV y2mq 
h 
i lin resents 
(i) The slope of the lines rep aca 


where, h = Planck's constant, q = charge and 
m = mass of charged particle. 
(ii) ,H? and ,H? carry same charge (as they have same 
atomic number). l 
WV o T 
The lighter mass, i.e. ,H? is represented by line of 
greater slope, ie. A and similarly, | by line B. 
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19. Here, Ax =1 nm= 10" m, Ap=? As, AxAp=/h 


; pe Bie h 66 X10 J-s 
. Ax 2nAx = 2x (22/7)(10) m 
< = 1.05 x 10°” kg-m/s 
2 2 
Energy (E) = 2- = SP) [+ p= Ap] 
2m 2m 
_ (105 x 10)? 
2x91 x10 
( 105x 10” )? 
ET eV 


~ 2x 9.1x 107! x 1.6X 10 
=3.8x 10° eV 


20. de-Broglie matter wave equation, 


2 
~ h = h s. Ke P 
P 2mK 2m 
where, K is kinetic energy and m is mass of particle. 
2 
K= ʻ [for same wavelength À] 
2m? 
1 1 1 
= Keo: = K,:Ka: kK, =—:—:— 
m m, Ma mM, 


where, m,,m, and m, are masses of electron, proton and 
a-particle, respectively. 
Also, K,, Ka and K, are their respective kinetic energies. 


m,>m, >m, 


=> mgm, > M, Ma > MM, 

=> K,>K,>Kg 

(i) œ-particle possesses minimum kinetic energy. 

(ii) Electron has maximum kinetic energy. 
The magnifying power of an electron microscope is 
inversely related to wavelength of radiation used. 
Smaller wavelength of electron beam in comparison 
to visible light increases the magnifying power of 


microscope. 
2L We know that, Ho BE Rh 
A Ay 2 
Neglecting the work function, we get 
he Vy? 
nA 2 
de-Broglie wavelength is given by, A, = as 
mv 


aA a oe 
. Jamhe 2me 


22. (a) de-Broglie Hypothesis According to de-Broglie, a 
wave is associated with moving material particle 
which controls the particle in every respect. The wave 
associated with moving material particle is called 
matter wave or de-Broglie wave whose wavelength 
is called de-Broglie wavelength which is given by 

A= — 


mv 
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where, m is mass of the particle, v is velocity of the 
particle and h is Planck's constant. 
This means the mass and radiation are symmetrical in 


nature. 


According to de-Broglie equation, wavelength, 
h 
N=- 
p 
where, p = momentum of photon. 
hv 
=me =— 
fee 
hy v 


which is equal to the wavelength of an 
electromagnetic radiation. 
(b) The de-Brogile wavelength of a particle is given by 
h 


ie 
J2mvVnq 
1 
Since, V, is same, so À «——= 
ving 


For deuteron, qg = + e, my; = 2m, 
For a-particle, qu = + 2e,m, =4 m 


Aa — {Ma Va 2e x4m, 
ha Vgm,  Yex2m, 
=2:1 
23. Given, V particle =3 V electron (i) 
-4 
and A particle = 1.813x 10 N ciecicon 
h i : 
As, =— [de-Broglie equation] 
mv 
= M particle = Nijeri X Velectron 
M electron A particle x V particle 
= electron * Velectron 
= 4 
1.813 10 x Asno x SV etcctron 
M parice = 1839 Macon [given][from Eq. (i)] 


=1839x9.1 x10" 
=1.673x10™ kg 


“. Particle is either a proton or a neutron. 
24. de-Broglie wavelength, 


EN h 
V2mK 
Substituting the given values, we get 
À =358 x10°m 
25. Given, wavelength of light, 


= 589 nm= 589x 10° m 
Mass of electron, m, =9.1x 1072! kg 


Mass of neutron, m, =1.675x 10727 kg 


Planck’s constant, h = 6.63 x 19734 J-s 
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(i) Using formula, ee 


V2mK 


Kinetic energy of electron, 
ne k (6.63x 10)? 
€ 24m, 2X (589x 10°)? x 9.1% 1073! 
= 6.96X 10” J 
(ii) Kinetic energy of neutron, 
h (6.63 x 10°)? 
2m, 2x (589x 10°)? x 1.675 x 10% 
= 3.81x 10” J 


96. Given, kinetic energy = KE= 120 eV 
(i) Momentum, p = {2eVm = {2 KE-m [ KE=eV] 
= 2x 120x 1.6 10 x 9.1x 107" 


= 5.91x 10” g-m/s 
(ii) We know that momentum, p = mv 
p _5.91x10 
or v= = 
m 91x10” 
= 6.5X10° m/s 
(iii) de-Broglie wavelength associated with electron, 
j=1227 4 _1227 
Vv A2 


= 0.112x 10°m =0.112nm 


27. (i) de-Broglie matter wave equation is given by 


sha h 
p “i 
p=2m 


where, m = mass of eo and 
K = kinetic energy of proton. 
According to the question, kinetic energy of proton, 


K=m,c? [using Einstein’s mass-energy relation] 
> i= hb _ 
42m (m,c°) 
E h 
V2c- Jm-m, 
h 
= [F m=1836'm,] 
V2 c-m,v1836 i 
_ 6.63 x 10°" 
1.414 x (3 x10°) x 9.110" x 42.8 
=4x 1074 m 


ee This region of electromagnetic spectrum is y-ray. 
8. (i) Given, mass of bullet, m = 0.040 kg 


Speed of bullet, v = 1000 m/s 
-34 
de-Broglie wavelength, À = fh -663x10 
mv 0.040x 1x 10° 
= 1.66 x10” m 
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(ii) Mass of the ball, m = 0,060 kg and speed of the ball, 


v=1m/s 
y L663 x10 
mv 0,060 X1 
=1.110? m 


(iii) Mass of a dust particle, m=1 107 kg and speed of 
the dust particle, v = 2.2 m/s 


1 = h _ 6.63% 10 
mv 1x 10°x* 2.2 
= 3.0X 10” m 


29. Refer to Q.28 on page 461, 2 =1.2x10 "m 
30. Given, À =590nm = 590x Pu 
de-Broglie wavelength (4) = — = ——— 
A 
where, m is the mass of PEA 
6626x107” 


J2x91 xir" xE 
— 34 
ADi xir" x g =N 


590x107? 
=0112 x10” 
=> 2x911x10°" x E =(0112 x10 *} 


Thus, 590 x10? = 


000012544 x 10°” 
BETTIE 
= 6884 x10] 
31. (i) Refer to Q. 26 on page 460. 


= 


rk 
am? 
(ii) Kinetic energy associated with temperature, 


KE= : kT = = (138x 10°") x 300 


KE = 6714 x10°" J, using K = 


= 621x107! J 


[ absolute temperature, T =300 Kand 
Boltzmann's constant, k=1.38 x10" J/K] 


KE=6.21 x10" J 


de-Broglie wavelength associated with kinetic energy, 
h 6.63 x10™ 


i= = 
[2m, KE 2 X 1.675 X10” x 6.21 x10" 


=1.45x10" m= 145A 


32. Given, potential difference, V = 56V 


(i) Use the formula for kinetic energy, 


1 2eV 2 
eV =-mv? 5> — =V 
2 m 


2eV 
=> v= — 
m 
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where, m is mass and v is velocity of electron. 
Momentum associated with accelerated electron, 


[zev 
p=mv= k g = 42 eVm 
m 


= 2 x 1.6x10™ x 56 x9x10” 
= 4.02 x 107° kg-m/s 
(ii) à = 0.164 nm; refer to example 4 on page 459. 
33. de-Broglie wavelength is given by 
h 


h 
A =- = ee w K=qV 
V2mK  ,/2mqV [ V1 
=> do : 
mqV 


Ratio of de-Broglie wavelengths of proton and a-particle 
is given by 


dp _ [madaVa _ (ei) 
Ra M59 pVp mp J\ dp J\ Vp 


Here, Mo 4, Ya 2, 


P P 
V 128 2 


[~ a-particle is 4 times heavier than proton 
and it has double the charge than that of proton] 


=> —E = |4x 2x—-=2 
Aa 2 
=> Àp: Aa =24 


34. (i) The de-Broglie wavelength of a particle is given by 
12.27 A 


A= 
WV 


[where,V is the accelerating potential of the particle] 


Ap =u [given] 
_, 1227 _12.27 
Vn Wie 
= Ba 
Va i 
(ii) The de-Broglie wavelength of a particle is given by 
act 
mv 
| h and A, = 2 
P Myt MaYa 
We know that, m,=4 m, 
. àp = y [given] 
h _ h 
Mp-Vp 4mp 'Va 
= =. =4 
a 
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35. À =00548A; refer to Example 4 on page 459. 
2u sing 
À 

From the formula, it is clear that, if other factors 
remain same, then resolving power is inversely 
proportional to wavelength of the radiation used. 
Wavelength of moving electron is very small as 
compared to that of yellow light, so it has greater 
resolving power than optical microscope. 

36. Given, wavelength of X-rays, à =1A=10°" m 
Mass of electron, m, = 911 x 10'kg 


Resolving power of a microscope, R = 


2 
As, A= ple or KE= A 
2mKE 2À*m 


_ (6.63 x 107*)? 

~ 2x (107)? x 9.11% 10) x 1.6 x10 
= 150.78 eV 

he _ 6.6310" x3x 10° 


~ Energy of photon = — = ————_—_ 
bias A 1x 107° x16x10" 


=12.4 x10 eV ` 


Thus, for the same wavelength, a X-ray photon has 

greater kinetic energy than an electron. 
37. Given that, V = 64V 

Now, from the de-Broglie equation, 
12.27, _1227A 


[.V = 64V] 


A= A 
Vv V64 
2.27 
ens | 
8 
= 0.153 nm 


This wavelength belongs to the X-ray part of the 
electromagnetic radiation. 


38. Given, temperature, 
T = 27°C = 27 + 273 =300K 
Separation, between two electrons, 
r=2x10°°m 


Momentum p = Bm kT 
` = 3x 9.11 x10 x 1.38 x 10°" x 300 


[k =1.38 x 10° J /K] 
= 1.06 x 10 kg-m/s 


r E 
de-Broglie wavelength, À = h _ 6.63 x10 
p 106x10” 
= 62.6 x107" m 


Mean separation, r = 2 x 107"? m 
A _ 62.6 x10" 
one 
r 2x10 


We can see that de-Broglie wavelength is much greater 
than the electron separation. 


al Nature of Radiation and Matter 
pu 


of helium atom, 
Atomic weight _ 4x 10° 
~ Avogadro's number 6x10” 


99. Mass 


m 


Boltzmann constant, k = 1.38 x 10° J mol”! K”! 
h 
-Broglie wavelength, À = 
de-Broglie — 


* T=27°C 
= (27 + 273)K 
= 300K 


6.63 X10! 


4x10° 
6x10” 
= 0.73x107° m 


Now, pV = RT =kNT 
V kT 


N p 
l Hi Gj 
Mean separation, r =| —] =|— 
N p 
_[1.38 x10” m) 
-| 1.01 X10 
=34x10°m 


-10 
A _0.73x 10, A} 021 


r 34x10” 


X 1.3810 x 300 


3x 


or 


40, * refer to example 4 on page 459. 


4l. Given, potential at anode, V =100 V 
Magnetic field, B= 2.83 x107 * T 
Radius of circular path, r = 12cm = 0.12 m 
‘~ m, =9.1X10 kg 
Kinetic energy, KE = Emo j pe 
2 and e=1,6X10 °C 


So, eV= Layi 
2 


=> 16x10” x 100=- x9.1x107! x v? 
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y? a 2X16 x 10” 
9.1 x10” 
= 5,93 x 10° m/s 
As, the angle between v and B is 90°. 


The magnetic force (F,, = evB) is balanced by the 
centripetal force. 


i.e. evB = Uad 
z 
e v 5.93 x 10° 
or — = — z= 


2.83 x107 * x 0.12 
<. Specific charge of an electron, 


m Br 


£ 51.74 x10" Cikg 
m 


42. (i) Given, potential difference, V = 500 V 
Specific charge of the electron, 
e/m =1.76 x10" C/kg 


Kinetic energy of an electron, 


m 
= J176 x10"! x 2x500 
=1.326 X10’ m/s 
(ii) Potential, V =10 MV =10 V 


2 
Again from Eq. (i), v= =v 
m 


= J2x1.76 x10" x10" 


=1,8762 X 10° m/s 


This speed is greater than the speed of light, which is 
not possible. As v approaches to c, then mass 


SUMMARY 


Electron Emission The phenomenon of emission of electrons 
from metal surface is called electron emission. 


Work Function It is the minimum energy required by an electron 
to just escape from metal surface, so as to overcome the 
attractive pull of the ions. 

Photoelectric Effect It is the phenomenon of emission of 
electrons from the metal surface, when the radiations of suitable 
frequency falls on it. 


Hertz's Observation He observed that high voltage sparks 
across the detector loop were enhanced when the emitter plate 
was illuminated by UV light from an arc lamp. 


Hallwachs and Lenard’s Observations They also observed that 
UV light falls on the emitter plate, no electrons were emitted at all 
when the frequency of incident light was smaller than a certain 
minimum value is called threshold frequency. 


Effect of Intensity of Light on Photoelectric Current For a fixed 
frequency of incident radiation photoelectric current increases 
linearly with increase in intensity of incident light. 


Effect of Potential on Photoelectric Current For a fixed 
frequency and intensity of incident light, photoelectric current 
increases with increase in potential applied to the collector. 


Effect of Incident Photon Energy dnd Kinetic Energy 


1 
K max = 5 IV ma =(hv- 9) 


This equation is called Einstein's photoelectric equation. 


Relation between Stopping Potential and Threshold 
Wavelength The relation between stopping potential and 


eVy =he Lo 
h Ao 


Particle Nature of Light Photon Photoelectric effect gave the 
evidence that light consists of packets of energy and these 


threshold wavelength is 


packets of energy are called light quanta, that are associate 
with photons. 

Characteristic Properties of Photon 

Photons has zero rest mass. 

Photons travel in a straight line. g 

Photons may show diffraction under given conditions 


: he 
The inertial mass of a photon Is m = i 


Photocell It isa device which converts light energy into 
electrical energy. 


Dual Nature of Radiation Wave theory of electromagnetic 
radiations explained the phenomenon of interference, 
diffraction, etc, whereas quantum theory successfully 
explained the photoelectric effect, Compton effect, etc. So, 
Louis de-Broglie suggested that the particles like electrons, 
protons, etc. have dual nature of radiation. 


Wave Nature of Particles (de-Broglie Hypothesis) 
According to de-Broglie, a wave is associated with moving 
material particle which control the particle in every respect. 
The wave associated with moving material particle is called 
matter wave. It is given by, 


h h 


Relation between de-Broglie Wavelength and 
Temperature It is given by 


h 


À = ——— 
V3mkT 
de-Broglie Wavelength of an Electron Itis given 
by A= 
V2eVm) 


CHAPTER 


PRACTICE 


opJECT IVE Type Questions 


Í. Work-function is 

(a) maximum possible energy acquired by an 
electron 

(b) energy of electrons in valence shell 

(c) minimum energy required by an electron to 
move out of metal surface 

(d) maximum energy which is given to electron to 
move it out of metal surface 


2. The work function of platinum is 6.35 eV. The 


threshold frequency of platinum is 
(a) 153210" Hz 


(b) 1532 x10'° Hz 
(c) 1532 x10" Hz 
(d) 1532 x10"8 Hz 


3, With the increase in potential difference of 


emitter and collector, the photoelectric 
current 

(a) increases 

(b) decreases 

(c) remains constant 

(d) increases initially and then become constant 


4. The photoelectric threshold frequency of a 


metal is v. When light of frequency 6v is 
incident on the metal, the maximum kinetic 
energy of the emitted photo electron is 

(a) 4hv (b) 5hv 

(c) 3hv (d) (3/2) hv 


- Light of wavelengths 2 , and Àp falls on two 


identical metal plates A and B respectively. 
The maximum kinetic energy of 
Photoelectrons is K , and Kp respectively, 
then which one of the following relations is 
true? (4, = 243) 


K 
(a) a are (b) 2K, =K; 


(©) K, =2K; (d) K, >2Kp 


-. All photons present in a light beam of single 


frequency have 
(a) same frequency but different momentum 
(b) same momentum but different frequency 


‘(c) different frequency and different momentum 


(d) same frequency and same momentum 


The linear momentum of a 6 MeV photon is 
(a) 0.01 eV sm”! 


(b) 0.02 eV sm” 
(c) 003eV.sm7 
(d) 004eVsm™ 


A photocell converts 

(a) change in current into change in light intensity 

(b) change in intensity of light into change in current 

(c) change in current into change in voltage 

(d) change in intensity into change in potential 
difference 


. The de-Broglie wavelength (A) of equal mass 


particles depends upon the mass in the following 
way 

(a) A œm 
(c) À œ m7 


(b) A ccm"? 
(d) À cc m~"? 


VERY SHORT ANSWER Type Questions 


10. Define the term stopping potential in relation to 


ii. 


photoelectric effect. 


Show graphically the variation of photoelectric 
current with frequency of the incident photons. 


12. Two metals M, and M, have work functions 2eV 


and 4 eV, ves 2ectively. Which of the two has a 
higher threshold wavelength for photoelectric 


emission? 


13. The frequency v of incident radiation is greater 


than threshold frequency Vo in a photocell. How 
if frequency vis 


will the stopping potential vary, 1 
increased, keeping other factors constant. 
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14. 


The de-Broglie wavelength associated with an 
electron accelerated through a potential 
difference V is A . What will be its wavelength 
when the accelerating potential is increased to 
5V? 


SHORT ANSWER Type Questions 


t5. 


16. 


17. 


18. 


20. 


What are the energies of photons at the 

(i) violet and (ii) red ends of the visible 
spectrum? The wavelength of light is about 
390 nm for violet and about 760 nm for red. 


An electron is accelerated through a potential 
difference of 250 V. What is the de-Broglie 
wavelength associated with it? To which part of 
electromagnetic spectrum does this wavelength 
correspond? 


The de-Broglie wavelength of a body moving with 
speed vis 2 . On its way, it losses some of its mass 
and gains twice the speed. Kinetic energy also 
increases to twice of its initial value. What will be 
the new value of de-Broglie wavelength? 


For what kinetic energy of a neutron, will the 
associated de-Broglie wavelength be 
2.64 x10'°m? 


The de-Broglie wavelength of a particle of 
kinetic energy K is 1. What would be the 
wavelength of the particle, if its kinetic energy 


were —? 
4 


Ultraviolet light of wavelength 200 nm is 
incident on polished surface of iron. 
Work function of the surface is 4.71 eV. 
Calculate its stopping potential. 


LONG ANSWER Type I Questions 


21. 


Write Einstein's photoelectric equation relating 


. the maximum kinetic energy of the emitted 


22. 


electron to the frequency of the radiation 
incident on a photosensitive surface. State 
clearly, the basic elementary process involved 
in photoelectric effect. 


Define the terms threshold frequency and 
stopping potential in the study of photoelectric 
emission. Explain briefly the reasons, why wave 
theory of light is not able to explain the 
observed features in Photoelectric effect? 


23. 


24. 


11. 
12; 


13. 


14. 


= (©) 2. (a) 
. (d) 
10. 
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wavelength 2500 A falls on a metal 

Ohta work Eviction 3.5 eV. What is the 

kinetic energy (in eV) of 

(i) the fastest and . 

(ii) the slowest electrons emitted from the 
surface? If the same light falls on another 
surface of work function 5.5 eV, what will be 
the energy of emitted electrons? 


Light of wavelength 2000 A falls on a metal 

surface of work function 4.2 eV. 

(i) What is the kinetic energy (in eV) of the 
fastest electrons emitted from the surface? 


(ii) What will be the change in the energy of the 
emitted electrons, if the intensity of light 
with same wavelength is doubled? 

(iii) If the same light falls on another surface of 
work function 6.5 eV, what will be the energy 
of emitted electrons? CBSE SQP (Term-I}) 


| ANSWERS 


3. (d) 4. (b) 


9. (c) 


5. (a) 


T. (b) 8. (b) 
For a particular frequency of incident radiation, the 
minimum negative (retarding) potential Vo given to plate 
A for which the photoelectric current becomes zero, is 
called cut-off or stopping potential. 

Refer to plot on page 437. 


E, = hv, = he 


0 
avelength is inversely 
rgy or work-function. So, metal 
shold wavelength for photoelectric 


We know that, 


Thus, À, or threshold w 
proportional to the ene 
M, has higher thre 
emission, 


1 
We know that, 7V max = eV) =h(v-v,) 


Here, the frequency of the incident radiation is greater 
than the threshold frequency, Therefore, the value of 
stopping potential (Vo) increases with increase in 

frequency (V) of the incident radiation and KE will also 


increases, 
Refer to Q. 3 on Page 461, 
À 
W 
V5 
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15. 


16. 
17. 


18. 
19. 


We know that, E = = joule 
he 


E = — eV 
" A x16x107° 
663x10 ™ x3x10° 
"s t= s a ae 
390x10 X16x10 
663 x10" x3x10° ii 
= —— = 163e 
R 760x10” x16x10” 
Refer to Q. 37 on page 461. [Ans. 49.5 A] 
, h 
Hint A = — 


amK 
de-Broglie wavelength remains same. 


Refer to the Q. 31 (i) on page 461. | 
As we know, de-Broglie wavelength, A = oe 
p 2mK 
k 
Hence, K, =——> ..(i) 
SETTER 
If according to th ion, K, = Ay 
g to the question, K, = 4 
k 
a 
245 
2 
Koh ii) 
4 2m 
From Eqs. (i) and (ii), we get 
Ki 
4 k? 2m; 
——_ = X 
K, 2m, k 
1M 
4 4, 
= Awl 
A, 2 
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Hence, wavelength of the particle double the wavelength 


when kinetic energy is : th. 


20. Given, A = 200 nm = 200 x 10°m 


KE max = hV- È 
KE max = eVo 
eV, =hv-6 


he 
a Wl 


66X10! x3 x10° 23 
———___——_ -471 x16 x10” 
200 x10 


V, = 619 = 417 = 148 =150V 


16X10” V, = 


. Refer to the text on page 438. 

. Refer to the text on pages 436, 437 and 438. 

. Refer to Q. 72 (iii) on page 447. 

. Wavelength of light, A = 2000A= 2x10’ m 


Work function, 6, =4.2 eV 
| h = 663 x 107” Jes. 
(i) Using Einstein’s photoelectric equation, kinetic 
energy of fastest electron, 


Ka = AV Go =h ho 


x 104% x3x108 
= ane SS i : x -4.2}eV 
2x10 ° X16X10 


= 6.2 eV-4.2eV 
= 2.0 eV 
(ii) Since the energy of emitted electron does not depend 
upon intensity of incident light, hence the energy of 
emitted electrons remains unchanged. 
(iii) For this surface, electrons will not be emitted as the 
energy of incident light 
(6.2 eV) is less than the work function 
(p’ = 6.5 eV) of the surface. 


The first model of atom was proposed by JJ Thomson in 1898 called plum 
pudding model of the atom. Later, Rutherford worked on it and named this 
model as Rutherford’s planetary model of atom in 1911. In 1913, Niels Bohr 
worked on the model named as Bohr model of H-atom. 


O-PARTICLES SCATTERING EXPERIMENT BY 
RUTHERFORD 


This experiment was suggested by Rutherford in 1911 as given in the figure 
below 


Radioactive tke 
source x Most 
N a-particles 
Gold foil ‘ oo i ; 
` stral ine 
(10% mthick) Z a9 
ae |i aa -l 
8 —_— 
N / ZnS 
dii RA screen 
About one a-particle in 8000 -~~ Microscope 
a-particles is reflected back detector 


Experimental arrangement for Rutherford's theory 


In this experiment, H Geiger and E Marsden took *43Bi as a source for 
a-particles. A collimated beam of a-particles of energy 5.5 MeV was allowed to 
fall on 2.1X 107 m thick gold foil. The o-particles were observed through a 
rotatable detector consisting of a zinc sulphide screen and microscope and it was 
found that @-particles got scattered. These scattered G-particles produced 
scintillations on the zinc sulphide screen. Now, these scintillations were 
counted at different angles from the direction of incident beam. 


All elements consist of very small invisible particles are called atoms, Atoms of same 
element are same and atoms of different elements are different. . o 
Every atom is a sphere of radius of the order 10 m, in which pk mass is uniformly 
distributed and negative charged electrons revolve around the nucleus. 


CHAPTER CHECKLIST 

e o-Particles Scattering 
Experiment by Rutherford 

e Rutherford’s Model of Atom 


e Electron Orbits 

e Bohr’s Model of Hydrogen Atom 

e Hydrogen Spectrum or Line 
Spectra of Hydrogen Atom 


atoms 


observations 
„therford made the following observations from: his 
periment that are given below 
(i) Most of the 0.-particles passed through the gold foil 
without any appreciable deflection. 
(i) Only about 0.14% of the incident o-particles 
scattered by more than 1°. 
(ii) About one @.-particle in every 8000 Q.-particles 
deflected by more than 90°. 
The total number of o-particles (N ) scattered 
through an angle (8) is as shown in the below figure 


Number of scattered a-particles 
detected 
z 


10! 
0 20 40 60 80 100 120 140 160 180 
Scattering angle 6 (in degree) 


Experimental data points (shown by dots) on scattering 
of -particles by a thin foil at different angles 


(iv) The number of &-particles scattered per unit area 
N (0) at scattering angle @ varies inversely as sin * 0/2. 


1 
sin 0/2 


(v) The force between 0.-particles and nucleus is given by 


__ 1 (2e)(Ze) 
ATE o r? 


F 


where, r is the distance between the O-particles and 
the nucleus. This force is directed along the line 
Joining the particle and the nucleus, The 
magnitude and direction of this force on O.-particle 
continuously changes as it approaches the nucleus 
and recedes away from it. 


Conclusions 


n : í 
the basis of his experiment, Rutherford concluded that 


À Atom has a lot of empty space and practically the 
Entire mass of the atom is confined to an extremely 
small central core called nucleus, whose size is of th 
Order from 107! m to 107" m. | 
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(ii) Scattering of o1-particles (positively charged) is due to 
the Coulomb's law for electrostatic force of repulsion 
between the positive charge of nucleus and @-particles. 

(iii) Distance between electron and nucleus is from 10° to 

i 10° times the size of the nucleus itself, 

(iv) More is the distance of the velocity vector of an 


O.-particle from the central line of the nucleus, lesser 
is the angle of scattering. 


EXAMPLE |1| The number of a-particles scattered at 
an angle of 90° is 100 per minute. What will be the number 
of a-particles, when it is scattered at an angle of 60°? 


Sol. Number of a-particles scattered at an angle of @ is given by 


. 9, 
1 Nyt ee 
oc 3 — = 
sin*0/2 N, | inh 
2 
4 
100 /sin30°) - 100 4 
= E are ee 
2 2 


RUTHERFORD’S 
MODEL OF ATOM 


The essential features of Rutherford’s nuclear model of the 
atom or planetary model of the atom are as follows 
(i) Every atom consists of a central core, called the 
atomic nucleus, in which the entire positive charge 
and almost entire mass of the atom is concentrated. 

(ii) The size of nucleus is of the order of 10~” m, which is 
very small as compared to the size of the atom which 
is of the order of 107m. 

(iii) The atomic nucleus is surrounded by certain number 
of electrons. As atom on the whole is electrically 
neutral, the total negative charge of electrons 
surrounding the nucleus is equal to total positive 
charge on the nucleus. 

(iv) These electrons revolve around the nucleus in various 
circular orbits as the planets do around the sun, 

The centripetal force required by electrons for 
revolution is provided by the electrostatic force of 
attraction between the electrons and nucleus. 


Distance of Closest Approach 

As the ot-particle approaches the nucleus, the electrostatic 
force of repulsion due to nucleus increases and the kinetic 
energy of @-particle goes on converting into the 
electrostatic potential energy. 

Ata certain ‘ie ry from the nucleus; whole of the KE : 
o.-particle converts into electrostatic potential pa 
q-particles cannot go further close to nucleus, this distance 
(ro) is called distance of closest approach. 
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At distance of closest approach, 


KE of &-particle = Electrostatic potential energy 
1 (Ze) 2e) 


K =e ss u 
4m& ro 
l~ charge on Q-particle is +2¢ and charge on 
nucleus is Ze, where Z is atomic number] 


l 22Z? 
~ "= ane, ee 


where, m= mass of a-particle and v = initial velocity of 
@-particle. 
From the formula, it is clear that distance of closest 


approach of a-particle to the nucleus depends on the 
kinetic energy of a-particle. 


EXAMPLE |2| In a head on collision between an 
a-particle and gold nucleus, the closest distance of 
approach is 4x10-“ m. Calculate the initial kinetic 
energy of a-particle. 

SoL Here, closest distance of approach, % =4Xx10 "m, 

atomic number, Z =79, KE, =? 

Ze(2e) _ 2Ze” 
ANE sr  4RE gr 
_ 2x79 (1.6x107")? x 9x10" 
G 4x10™ 

=9.1x10 4] 


~ KE, of a-particle = 


Angle of Scattering (0) ` 

Angle by which a-particle gets deviated from its original 
path around the nucleus is called angle of scattering. 
Impact Parameter (b) 


Perpendicular distance of the velocity vector of c-particle 
from the central line of the nucleus of the atom is called 
impact parameter. Mathematically, it is expressed as 


where, 6= impact parameter 
6 = angle of scattering 


KE = kinetic energy of &-particle = > mv? 


In case of head on collision, the impact parameter is 
minimum and the o.-particle rebounds back (0 = r). For a 
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parameter, the G-particle 


large impact 


goes Neatly 
undeviated an 


d has a small deflection (0 = 0°), 


© Target nucleus 


Trajectory of a-particles in the Coulombic field of a target Nucleus 
The impact parameter b and scattering angle @ are also depicted 


Alpha-Particle Trajectory 

The o-particles which pass through the atom at a large 
distance from the nucleus experience 
a small electrostatic force of repulsion 
due to the nucleus and hence, 
undergo a very small deflection. The 
Q-particles which pass through the 
atom at-a close distance from the 
nucleus suffer a large deflection. The 
&-particles which travel towards the 
nucleus directly, slow down and 


2 Trajectory of 
ultimately comes to rest and then after a-particles close to 
being deflected through 180° retrace an atom 


their path. 


ELECTRON ORBITS 


The Rutherford nuclear model of the atom pictures the 
atom as an electrically neutral sphere consisting of a very 
small, massive and positively charged nucleus at the centre 


surrounded by the revolving electrons in their respective 
dynamically stable orbits. 


The electrostatic force of attraction F, between the 
revolving electrons and the nucleus provides the requisite 
centripetal force (F.) to keep them in their orbits. Thus, for 
a dynamically stable orbit in a H-atom, 
FF, = 
2 2 
an mv z 1 p 


ro ANE r? 


n between the orbit radius and the electro" 


[:: Z — l) 


Thus, the relatio 


velocity is 
2 
e 
r= 
4ne, mv a 


The kinetic energy (K 


) and electrostatic potential en¢"8Y 
(U) of the electron in aep 


H-atom are 


prom? 
2 2 
] ) e >e mv? = f 
Kan BTEgr | áne or 
2 
e 
nd ~ ANEgr 
n negative sign in U signifies that the electrostatic force is 
(the 


he-r direction or attractive in nature.) 
int 


hus, the total mechanical energy E of the electron in a 
us, 


„atom IS 
H-ato 3 2 


e 
=K+U= 7 
Bet BNE or ANEgr 
ae 
___é 
BTE or 


The total energy of the electron is negative. This implies the 
hct that the electron is bound to the nucleus. If E is 
positive, then an electron will not follow a closed orbit 
around the nucleus and it would leave the atom. 


EXAMPLE [3] It is found experimentally that 13.6 eV 
energy is required to separate a H-atom into a proton and 


an electron. Compute the orbital radius and velocity of the 
electron in a H-atom. 


Sol. Total energy of the electron in H-atom, 
TE =-13.6 eV =-13.6x 1.6x 10” J 
=-2.2x 10°79] 
Total energy is 


8NE qr na STETE 
_ -9X 10° x (1.6x 10°) 
ax (22x io) 
=5.3x10"'m 


“ Velocity of the revolving electron, v = 


e 
Jane,mr 
- 1.6x 10” 
V4X 3.14x 8.85x 107 x 9.1% 10°" x 53x 10" 


= 2.2x 10° m/s 


Drawbacks of Rutherford’s Model 


therford’s model suffers two major drawbacks 


R : 
p carding Stability of Atom 


le 
Ctrons ‘ 
shee revolving around the nucleus have centripetal 
ton. According to cl 


ce 
lisse classical electromagnetic theory, 
tlectrom S, Must radiate energy in the form of 
Magnetic wave. 
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Due to this continuous loss of energy of the electrons, the 
radii of their orbits should be continuously decreasing and 
ultimately the electrons should fall in the nucleus. Thus, 
atom cannot remain stable. 


Regarding Explanation of Line Spectrum 


Due to continuous decrease in radii of electron’s orbit, the 
frequency of revolution of electron will also change. 
According to classical theory of electromagnetism, 
frequency of EM wave emitted by electron is equal to 
frequency of revolution of electron. 

So, due to continuous change in frequency of revolution of 
electron, it will radiate EM waves of all frequencies, i.e. the 
spectrum of these waves will be continuous in nature. But, 
this is not the case, experimentally we get line spectrum. 
Rutherford model was unable to explain line spectrum. 


BOHR’S MODEL OF 
HYDROGEN ATOM 


Bohr combined classical and early quantum concepts and 
gave his theory in the form of three postulates 
These three postulates are as follows 

(i) Bohr’s first postulate was that an electron in an atom 
could revolve in certain stable orbits without the 
emission of radiant energy, contrary to the 
predictions of electromagnetic theory. According to 
this postulate, each atom has certain definite stable 
states in which it can exist and each possible state has 
definite total energy. These are called the stationary 
states of the atom. 

(ii) Bohr’s second postulate states that the electron 
revolves around the nucleus only in those orbits for 
which the angular momentum is some integral 
multiple of 4/2m, where / is the Planck's constant 
(=6.63 x 10 J-s). 

Thus, the angular momentum (LZ) of the orbiting 
electron is quantised, 
nh 
i.e. L=— 
2n 
As, angular momentum of electron = mur 


.. For any permitted (stationary) orbit 


nh 
mor = — 
2n 


where, n = any positive integer 1, 2, 3, ~» 
It is also called principal quantum number. 
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(iii) Bohr’s third postulate states that an electron might 
make a transition from one of its specified 
non-radiating orbits to another of lower energy. 
When it does so, a photon is emitted having energy 
equal to the energy difference between the initial and 
final states. 

The frequency of the emitted photon is given by 

bv = E; = Ey 
where, E; and Ep are the energies of the initial and 
final states and É, > Ep. 


Bohr’s Theory 
Bohr’s model is valid for all 


one-electron atoms or ions 
which consists. of a tiny 
positively charged nucleus and ; 
an electron revolving in a stable } 
circular orbit around the \ 
nucleus. These one-electron \. f 
atoms or ions can be called  ™%~....- A 

hydrogen like atoms. For 

example, singly ionised helium (He*) and doubly ionised 
lithium (Li**) 

Let e, m and v be respectively the charge, mass and velocity 
of the electron and r be the radius of the orbit. The positive 
charge on the nucleus is Ze, where Z is the atomic number 
(in case of H-atom, Z =1). As, the centripetal force is 
provided by the electrostatic force of attraction, we have 


my? 1 (Ze)Xe 
2 
=> pp v-(i) 
4NE€ or 


From the second postulate, the angular momentum of the 
electron is 


h 
mvr =n— (ii) 
where, » (= 1, 2, 3, ...) is principal quantum number, 
From Eqs. (i) and (ii), we get 
he 
Se. 0 ina 
r=n Tze? (iil) 


This is the equation for the radii of the permitted orbits. 
According to this equation, 

r, œn? 
Since, n= 1, 2, 3, ... it follows that the radii of the permitted 
orbits increase in the ratio 1 : 4:9: 16: ..., from the first 
orbit. Clearly, the stationary orbits are not equally spaced. 
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Bohr Radius 
The radius of the first orbit (n= 1) of H-atom (Z =) 


will be 


This is called Bohr radius and its value is 0.53 A. Since, 
yocn’, the radius of the second orbit of H-atom will be 


(4 x 0.53) A and that of the third orbit (9 x 0.53) A. 
Velocity of Electron in Stationary Orbits 


We can obtain formula for the velocity of electron in 
permitted orbits. From Eq. (ii), we have 


h 
v=n 
2nmr 
Putting the value of r from Eq. (iii), we get 
Ze? 1 
v= — 
2hEy n 
where, principal quantum number, » = 1, 2, 3, ... 
1 
Thus, jöt 


n 


This shows that the velocity of electron is maximum in the 
lowest orbit (7 = 1) and goes on decreasing in higher orbits. 
The velocity of electron in the first orbit (7 = 1) of H-atom 


(Z = Dis 


2 
e c 


2hE 4 7 137 


v = 


[ce =3x108 m/s] 


Frequency of Electron in a Stationary Orbit 


It is the number of revolutions completed per second by the 
electron in a stationary orbit around the nucleus. 
It is represented by v, 


From v=r@ 


= r(2nVv) (- @ = 20] 


proms 


gnerBy of Electron in 
onary Orbits 
e energy E of an electron in an orbit is the sum of kinetic 


ad potential energies. 
2 


ysing Eq. (i) in Bohr’s theory mv? = 


The kinetic energy of the electron is 
| 2 

KE=—mv’ = 
2 BTE gr 


cybstituting for r from Eq. (iii), we get kinetic energy of the 
dectron in the ath orbit 


In terms of Rydberg constant R, its simplified form is 


4 
cee BE [a LLa | 


n? Beech? 


The potential energy of the electron in an orbit of radius r 
due to the electrostatic attraction by the nucleus is given by 


ope) Zo lg 
ATE 9 r AiE r 
In terms of Rydberg constant R, its simplified form is 
2 
iene 


n 


The total energy of the electron is 


2 2 


rekbin —— 
BNE r ANE gr 
__ Ze __ Re 
BNE or n? 


W 
"here, n=, 2, 3,.... This is the expression for the energy 
the electron in the nth orbit. 


or hy a 
hydrogen atom Z = 1, substituting the standard values, 


W -13.6 
t get E = 
sho n? 
w : f 
$ that the electron is bound to the nucleus and is not 


t 
te to leave it, 


eV. Negative energy of the electron 


FII 


This topic is not included into the syllabus but essential to 
understand line spectrum of hydrogen atom. 


Energy Levels 


The energy of an atom is the least, when its electron is 
revolving in an orbit closest to the nucleus, i.e. for which 
n=1, For n=2,3,... the absolute value of energy E is 
smaller, so the energy is progressively larger in outer orbits. 


The lowest state of the atom is called the ground state, this 
state has lowest energy. The energy of this state is 
-13.6 eV. Therefore, the minimum energy required to free 
the electron from the ground state of the H-atom is 
-13.GeV. It is called ionisation energy of the H-atom. 


At room temperature, most of the H-atoms are in ground 
state. When an atom receives some energy (i.e. by electron 
collisions), the atom may acquire sufficient energy to raise 
electron to higher energy state. In this condition, the atom 
is said to be in-excited state. From the excited state, the 
electron can fall back to a state of lower energy, emitting a 


photon equal to the energy difference of the orbit. 
Total energy, E(eV) 


Unbound (ionised) 
atom i 
0 

n=5 

= 0.85 n=4 
-0.51 n=3 | Excited 
j states 

-3.40 n=2 

Ground state 
n=1 


-13.6 


Energy level diagram for hydrogen atom 


Suppose in the excited atom, an electron jumps from some 
higher energy state 7, t0 a lower energy state 7. 


The energy difference between these states ts 


24 
mZ-e | 1 l 
A TT -| 
Begh (n m 


According to Bohr’s third postulate, the frequency vof the 
emitted electromagnetic wave (photon) is 

E,-E,_ mz" 4-2) 
h ge, h ny ny 


y= 
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The corresponding wavelength A of the emitted radiation is 
given by 


1 , 
ry is called wave number (number of waves per unit 
length). 


In the last equation, the quantity is a constant 


me 
8&4°ch° 
known as Rydberg constant R and its value is 


1.097 x10’ m~. 


. me“ 
i.e. — -= 
2 
8E, ch? 


Thus, 


This is Bohr’s formula for hydrogen and hydrogen like 
atoms (He*, Li” ,...). 


For hydrogen atom (Z = 1), we have 


EXAMPLE |4| 
(i) The radius of the innermost electron orbit of a hydrogen 
atom is 5.3x 107" m, Calculate its radius in n = 2 orbit. 


(ii) The total energy of an electron in the second excited 
state of the hydrogen atom is —1.51 eV. Find out its 
(a) kinetic energy and 
(b) potential energy in this state. 
Sol. (i) Given, Bohr radius, r, =5,3x 107'm 
We know that, 1, = n7r, 
Let r, be radius of the orbit for n= 2. 
n = (2)" x 5.3% 10" 
= 2.12 107m 


(ii) Given, total energy of an electron in second excited 
State, 


Delhi 2014 


E=-151eV 
(a) Kinetic energy of electron is equal to negative of 
the total energy, 
‘ K =- E=-(-151) 
=1.51 eV 
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(b) Potential energy of electron is equal to negative oF 
twice of its kinetic energy. i 
U =- 2K = - 2 x 151 = - 3.02 eV 


Hydrogen Spectrum or Line 
Spectra of Hydrogen Atom 


Hydrogen spectrum consists of discrete bright lines in 3 
dark background and it is specifically known as hydrogen 
emission spectrum.There is one more type of hydrogen 
spectrum that exists where we get dark lines on the bright 
background, it is known as absorption spectrum. 

Balmer found an empirical formula by the observation of a 
small part of this spectrum and it is represented by 


Bes (= -} , where = 3,4, 5,... 
2? n 

where, R is a constant called Rydberg constant and its 
value is 1.097 x107 m7. 


So, = 1.522 x 10° m7! =656.3 nm forn=3 


Other series of spectra for hydrogen were subsequently 
discovered and known by the name of their discoverers. 
The lines of Balmer series are found in the visible part of the 
spectrum. Other series were found in the invisible parts of 
the spectrum. 


e.g. Lyman series in the ultraviolet region and Paschen, 
Brackett and Pfund in the infrared region. 


The wavelengths of line in these series can be expressed by 
the following formulae 


(i) For Lyman series 
l 
Ta =} where 7 = 2,3,4,... 


2 


] 1l 
32 = =} where =3,4,5, ..- 


n 
(iii) For Paschen series 


l l 

ZTR & = =) where =4, 5,6, «» 
l A l 1 

a = R| > -— |, wheren =5,6,7,-- 


1 l l 
ry = & 7 J where = 6,7,8,- 


lonised atom 


n=7 
0 —_—_$_$_=_== = N ew 
AT) TTT Bracken Rae 
2 l il Paschen series = 4 
3 ill series a 


Energy level (eV) 
on nn a 


| 


Lyman 
series 


Line spectra of the H-atom 


Balmer Series In Emission Spectrum Of 
Hydrogen 


In Balmer series, the line with the longest wavelength 
(656.3 nm) Is red and Is called H,. Next line with wavelength 


486.1 nm is blue-green and is called Hy; the third line with 
434.1 nm is violet and is called H, and so on, As the 
wavelength decreases, the lines are weaker in intensity and 
appear closer together, 


Explanation 


The different series of hydrogen spectrum can be explained 
by Bohr's theory, According to Bohr's theory, ifthe ionised 
state of hydrogen atom be taken as zero energy level, then 
the energies of the different energy levels of the atom can be 
expressed by the following formula. 


he 
E, =-—, where n=1,2,3.... 

n“ 

Where, R is Rydberg constant and / is Planck constant. The 
integer n is called principal quantum number. 

en the atom gets energy from outside, its electron goes 
tom the lowest energy level to some higher energy level. Bur it 
“turns from there, within 10~° s, to the lowest energy level 


itectly or through other lower energy levels. While returning 
ack, the atom emits photons. 


EXAMPLE |5| The energy of the electron in the ground 
ate of hydrogen is — 13.6 eV. Calculate the energy of the 
p oton that would be emitted, if electron was to make a 
of ition corresponding to the emission of the first line 
€ Lyman series of the H-atom. 
Sol Here, energy ofe” in ground state of H-atom = —13.6 eV 
Le. E, =- 13.6 eV 


For n=2,E,=-34eV k T] 
i ' n 
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The energy 


of photon corresponding to the first line is 
given by 


E= E, =E, 

E =[-3.4- (- 13.6)] eV =10.2 eV 
EXAMPLE |6] In H-atom, a transition takes place from 
n=3 to n=2 orbit. Calculate the wavelength of the 


emitted photon, will the photon be visible? To which 
spectral series will this photon belong? 


(Take, R= 1.097 x 10’ m7) 
Sol. The wavelength of the emitted photon is given by 
1 1 1 
>=R|—-— 
wE 


When the transition takes place from n= 3 to n= 2, then 


1 1 

— =(1097 x w4 - 5}- 1097 x10’ x = 

A 2 3 36 
36 i 

A =———— = 6.563x 10” m= 6563 Å 


1.09710’ x 5 


Since, A falls in the visible (red) part of the spectrum, 
hence the photon’ will be visible. This photon is the first 
member of the Balmer series. 


de-Broglie’s Comment on 
Bohr’s Second Postulate 


According to de-Broglie, a stationary orbit is that which 
contains an integral number of de-Broglie standing waves 
associated with the revolving electron. 


For an electron revolving in nth circular orbit of radius r, , 
total distance covered = circumference of the orbit = 27r.. 
<. For the permissible orbit, 2mr, = nA 


b 
According to de-Broglie wavelength, A = 


mv, 


where, v, is speed of electron revolving in nth orbit. 
nh A 


2nr, = — 


Or MV, => = n(h/2n) 


ee 
i.e. angular momentum of electron 
revolving in nth orbit must be an W Y, 
integral multiple of 4/21, which is 4 

A standing wave is 


the quantum condition proposed 
i n on a circular orbit 
by Bohr in his second postulate. show 


EXAMPLE |7| When an electron in hydrogen atom 
jumps from the third excited state to the ground state, 
how would the de-Broglie wavelength associated with the 
electron change? Justify your answer. Delhi 2015 


TE OE AEEA or inet 
Sol. We know that, Ta 7 1 
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gnr 
or pe oe ge wh or WES pps See 

À nh n 

2 1 
As, ren’ = A«-(n*)=n 

À 
Thus, we can say that, isst or A, — 
1 


Thus, wavelength decreases 4 times as an electron jumps 
from third excited state to the ground state. 


Limitations of Bohr’s Model 


The limitations of Bohr’s model are as follows l 
- (i) This model is applicable only to a simple atom like 
hydrogen having Z = 1. This theory fails, if Z > 1. 
(ii) It does not explain the fine structure of spectral lines in 
H-atom. 
(iii) This model does not explain why orbits of electrons are 
taken as circular whereas elliptical orbits are also 
possible. 


Orbital Picture of Electron in an Atom 

With the development of quantum mechanics, we have a 
better understanding of structure of atom. The Schrodinger 
wave equation gives information about the probability of 
finding an electron in various regions around the nucleus, 
which is known as orbital. This function only depends on the 
coordinates of the electron. 


CHAPTER PRACTICE 
(SOLVED) 


OBJECTIVE Type Questions 


1. For scattering of o-particles, Rutherford’s 
suggested that 
(a) mass of atom and its positive charge were 
concentrated at centre of atom 
(b) only mass of atom is concentrated at centre of atom 
(c) only positive charge of atom is concentrated at 
centre of atom 


(d) mass of atom is uniformly distributed throughout its 
volume 


2.. In the o-particle scattering experiment, the shape 
of the trajectory of the scattered a-particles 
depend upon [CBSE 2020} 
(a) only on impact parameter i 
(b) only on the source of o-particles 
(c) Both impact parameter and source of a-particles 
(d) impact parameter and the screen material of the 

' detector 


3. The angular momentum of an electron in 
hydrogen atom in ground state is 
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4. If the orbital radius of the electron in a 
hydrogen atom is 4.7x10-" m. Compute the 
kinetic energy of the electron in hydrogen 


atom. 
(a) 15.3 eV (b)- 15.3 eV (c) 13.6eV (d)-13.6 ey 


5. Aset of atoms in an excited state decays 
NCERT Exemplar 
(a) in general to any of the states with lower energy 
(b) into a lower state only when excited by an 
external electric field 
(c) all together simultaneously into a lower state 
(d) to emit photons only when they collide 


6. In Pfund series, ratio of maximum to 
minimum wavelength of emitted spectral 


lines is 
Ng’ 4 A iage 9 
N s Oa 5 
À 16 r 36 
max _ d max _~<\ 
3. ae wee 11 


7. Paschen series of atomic spectrum of 
hydrogen gas lies in CBSE All India 2020 
(a) infrared region 
(b) ultraviolet region 
(c) visible region 
(d) partly in ultraviolet and visible region 


Direction (Q. Nos. 8-12) In the following 
questions, two statements are given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 
(a)Both Assertion and Reason are true and 


Reason is the correct explanation of Assertion. 


(b) Both Assertion and Reason are true but 
Reason is not the correct explanation of 
Assertion. 

(c) Assertion is true but Reason is false. 

(d) Assertion is false but Reason is true, 


8. Assertion Large angle of Scattering of alpha 
particles led to the discovery of atomic 
nucleus, . 


Reason Entire positive charge of atom is 
concentrated in the central core. 


9. Assertion Atom as a wh 


ole is electri 
nelitral: ectrically 


Reason Atom contains €qual amount of 
positive and negative charges, 


groms 


Assertion The total energy of an electron 
revolving in any stationary orbit is negative. 
Reason Energy can have positive or negative 
values. 

Assertion Atoms of each element are stable and 
emit characteristic spectrum. 

Reason The spectrum provides useful 
information about the atomic structure. 


10. 


12. Assertion Bohr’s postulate states that the 
stationary orbits are those for which the angular 


momentum is some integral multiple of E 
T 


Reason Linear momentum of the electron in the 
atom is quantised. 


Directions (Q.Nos. 13-14) These questions are 
case study based questions. Attempt any 4 
sub-parts from each question. Each question 
carries 1 mark. 


13, Excited State of Atom 


At room temperature, most of the H-atoms are 
in ground state. When an atom receives some 
energy (i.e. by electron collisions), the atom may 
acquire sufficient energy to raise electron to 
higher energy state. In this condition, the atom 
is said to be in excited state. 


From the excited state, the electron can fall back 


to a state of lower energy, emitting a photon 
equal to the energy difference of the orbit. 


Total energy, E(eV) 
Unbound (ionised) 


0 
-0.85 a 
-0.51 n=3 } Excited 
states 
-3.40 n=2 
Ground state 
-13.6 n=1 


Ina mi s TER 
H a mixture of H-He* gas (He* is single ionized 
€ atom), H-atoms and 
etij ; : 
ra are excited to their respective first 
ed states. Subsequently, H atoms transfer 
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their total excitation energy to Hé” ions (by 

collisions). 

(i) The quantum number n of the state finally 
populated in He* ions is 
(a) 2 (b) 3 
(c) 4 (d) 5 

(ii) The’ wavelength of light emitted in the 
visible region by He* ions after collisions 
with H-atoms is 
(a) 65x10~’ m (b) 56x10’ m 
(c)48x10 m (d) 40x10 m 

(iii) The ratio of kinetic energy of the electrons 
for the H-atom to that of He” ion forn =2 is 


1 1 
a)- ze 
( P (b) ; 
(c) 1 (d) 2 
(iv) The radius of the ground state orbit of H- 
atom is 
: T : 2rh 
oS 2 oE aoh 
hme“ zme” h me“ 


(vy) Angular momentum of an electron in 
H-atom in first excited state is 


h h 27 T 
= i = ad) — 
a (b) 0- ge 


14. a-Particle Scattering Experiment 


In this experiment, H. Geiger and E. Marsden 
took radioactive source (*45Bi) for a-particles. 
A collimated beam ofa-particles of energy 5.5 
MeV was allowed to fall on 2.1 x 10° m thick 
gold foil. The «-particles were observed 
through a rotatable detector consisting ofa 
zinc sulphide screen & microscope and it was 
found that a-particles got scattered. These 
scattered a-particles produced scintillations on 
the zinc sulphide screen. 
Observations of this experiment are as follows 
|. Many of the «-particles pass through the 
foil without deflection. 
II, Only about 0.14% of the incident «-particles 
scattered by more than I’. 
III, Only about one c-particle in every 8000 
a-particles deflected by more than 90°. 


Based on these observation, they were able to 
proposed a nuclear model of atom, are called 
planetary model, in which entire positive 
charge and most of the mass of atom 1s 
concentrated in a small volume called the 
nucleus with electron revolving around the 
nucleus as planets revolve around the sun. 
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(i) Rutherford's atomic model can be visualised 


as 
(a) 
(c) 
(ii) Gold foil used in Geiger-Marsden 
experiment is about 10%m thick. This 
ensures 


(a) gold foil’s gravitational pull is small or possible 

(b) gold foil is deflected when a-particle stream is 
not incident centrally over it 

(c) gold foil provides no resistance to passage of 
a-particles 

(d) most o-particle will not suffer more than 1° 
scattering during passage through gold foil 

(iii) In Geiger-Marsden experiment, detection of 

o-particles scattered at a particular angle is 

done by 

(a) counting flashes produced by a-particles on a 
ZnS coated screen 

(b) counting spots produced on a photographic 
film 


(c) using a galvanometer detector 
(d) using a Geiger-counter 
(iv) Atoms consist of a positively charged 
nucleus is obviously from the following 
observation of Geiger-Marsden experiment 
(a) most of a-particles pass straight through the 
gold foil 
(b) many of a-particles are scattered through the 
acute angles 
(c) very large number of a-particles are deflected 
by large angles 
(d) None of the above l 
(v) The fact that only a small fraction of the 
number of incident particles rebound back in 
Rutherford scattering indicates that 
(a) number of &-particles undergoing 
head-on-collision is small 
(b) mass of the atom is concentrated in a small 
volume 
(c) mass of the atom is concentrated in a large 
volume 
(d) Both (a) and (b) 
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VERY SHORT ANSWER Type Questions 


15. 


16. 


17. 


18. 


19. 


20. 


Why is the classical (Rutherford) model for an 
atom of electron orbiting around the nucleus 
not able to explain the atomic structure? 

Delhi 2012 


What is the ratio of radii of the orbits 
corresponding to first excited state and ground 
state in a H-atom? Delhi 2010 
Consider two different H-atoms. The 

electron in each atom is in an excited state. 


Is it possible for the electrons to have different 

energies, but the same orbital angular 

momentum according to the Bohr’s model? 
NCERT Exemplar 


What is the value of angular momentum of 
electron inthe second orbit of Bohr‘s model of 
hydrogen atom? CBSE SQP (Term-}) 
When H,,/-line of the Balmer series in the 
emission spectrum of H-atom is obtained? 
Delhi 2013C 


Imagine removing one electron from 

He‘ and He. Their energy levels, as worked out 
on the basis of Bohr’s model will be very close. 
Explain, why? NCERT Exemplar 


Hints: Niels Bohr proposed a model for hydrogenic _ 
(single electron) atoms in order to explain the | 
stability of atoms. | 


SHORT ANSWER Type Questions 


21. 


22. 


23. 


Define the distance of closest approach. An 
a-particle of kinetic energy K is bombarded ona 
thin gold foil. The distance of the closest 
approach is r. What will be the distance of closest 
approach for an a-particle of double the kinetic 
energy? All India 2016 


An a-particle moving with initial kinetic energy 
K towards a nucleus of atomic number Z 
approaches a distance d at which it reverses its 
direction. Obtain the expression for the 
distance of closest approach d in terms of the 
kinetic energy of a-particle K. Compt. 2016 


Using Rutherford’s model of the atom, derive 
the expression for the total energy of the 
electron in H-atom. What is the significance of 


total negative energy possessed by the 
electron? All India 2014 


Atoms 


4. 


8 


30 


31 


32. 


33. 


34, 


. Write shortcomin 


Explain in brief, why Rutherford’s model 
cannot account for the Stability of an atom? 

Delhi 2010 
8s Of Rutherford at 
model. Explain, h 


these were ove 
the postulates of Bohr’s atomic mo 


omic 
rcome by 
del. 


CBSE 2020 


Foreign 2016 
Use Bohr’s mode] of 


J m to obtain 
the relationship between the angular 
momentum and the 


revolving electron. 


hydrogen ato 


CBSE 2020 
Show that the radius of the orbit in hydrogen 
atom varies as n?, where n is the principal 
quantum number of the atom. All India 2015 
Using Bohr’s 


postulates of the atomic model, 
derive the ex 


Pression for radius of nth 
electron orbit. Henc 


e, obtain the expression 
for Bohr’s radius. 


All India 2014, Delhi 2010 
How is the Stability of hy 


drogen atom in Bohr 
model explained by de 


~Broglie's hypothesis? 


CBSE 2019 
Would the Bohr’s formula for the H-atom 
remains unchanged, if proton had a charge 
(+ 4/3) e, and electron had a charge (- 3/4)e, 


where, e=1.6 x 107° C Give reasons for your 
answer. NCERT Exemplar 
Consider two different hydrogen atoms. The 
electron in each atom is in an excited state. Is 
it possible for the electrons to have different 
energies but same orbital angular momentum 
according to the Bohr model? Justify your 
answer, CBSE SQP (Term-II) 
Positronium is just like a H-atom with the 
Proton replaced by the positively charged 
anti-particle of the electron (called the 
Positron which is as massive as the electron), 
What would be the ground state energy of 
positronium? NCERT Exemplar 
How many different wavelengths may be 


observed in the spectrum from a hydrogen 
sample if the atoms are excited to states with 


principal quantum number n? 


36. Calculate the orbital 
first excited state of 


38. Using the relevant Bohr’s 
expression for the 


40. Using Bohr’s postulates for H-at 
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35. State Bohr’s quantisation condition of angular 

` momentum. Calculate the shortest wavelength of 
the Brackett series and state to which part of the 

electromagnetic spectrum does it belong. 


CBSE 2019 


period of the electron in the 
hydrogen atom. 


CBSE 2019 
LONG ANSWER Type I Questions 
37. Drawa plot of o-particle Scattering by a thin foi] 
of gold to show the variation of t 


CBSE All India 2019 


postulates, derive the 
(i) velocity of the e 


(ii) radius of the nt 


lectron in the nth Orbit 
h orbit of the electron 


in H-atom. Delhi 2010 
39. Using the postulates of Bohr’s model of H-atom, 
obtain an expression for 


the frequency of 
radiation emitted when the atom makes a 


transition from the higher energy state with 
quantum number n; to the lower energy state 
with quantum number n p(Qy<n,). Foreign 201) 


om, show that 
the total energy (E) of the electron in the 


stationary states can be expressed as the sum of 
kinetic energy (K) and potential energy (U), 
where K= -2 U. Hence, deduce the expression for 
the total energy in the nth energy level of 


hydrogen atom. Foreign 2012 


Bohr's second postulate of 
j a of orbital angular momentum, 
show that the circumference of the electron 
in the nth orbital state in H-atom is Pe A 
the de-Broglie wavelength associate wit : 
ii) The electron in H-atom is initially in the t ‘9 
M excited state. What is the EA i A 
of spectral lines which can be E . a 
finally moves to the ground state? De 
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42, 


43. 


45. 


Using Bohr's postulates, obtain an expression for 
the total energy of the electron in the stationary 
states of the H-atom. Hence, draw the energy level 
diagram showing how the line spectral 
corresponding to Balmer series occur due to 
transition between energy levels. Delhi 2013 


(i) State Bohr’s quantisation condition for 
defining stationary orbits. How does 
de-Broglie’s hypothesis explain the stationary 
orbits? 

(ii) Find the relation between the three 
wavelengths i,,4, and À, from the energy 
level diagram shown below. 


C 


x A 
2 Delhi 2016 


Assume that there is no repulsive force between 
the electrons in an atom but the force between 
positive and negative charges is given by 
Coulomb's law as usual. Under such 
circumstances, calculate the ground state energy 
of a He-atom. NCERT Exemplar 


(a) State Bohr’s postulate to define stable orbits in 
hydrogen atom. How does de-Broglie’s 
hypothesis explain the stability of these 
orbits? 

(b) A hydrogen atom initially in the ground state 
absorbs a photon which excites it to the n=4 
level. Estimate the frequency of the photon. 

CBSE 2018 


LONG ANSWER Type II Questions 


46. 


47. 


Obtain an expression for the frequency of 
radiation emitted when a hydrogen atom 
de-excites from level n to level (n -1). For large n, 
show that this frequency equals to the classical 
frequency of revolution of the electron in the 
orbit. NCERT 


(a) State the postulates of Bohr’s model of 
hydrogen atom and derive the expression for 
Bohr radius. 

(b) Find the ratio of the longest and the shortest 
wavelengths amongst the spectral lines of 
Balmer series in the spectrum of hydrogen 
atom. CBSE 2020 
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48. Using Bohr's postulates, derive an expression 
for the frequency of radiation emitted whey 
electron in H-atom undergoes transition 
from higher energy state quantum number 
(n,) to the lower energy state (n,). 

When electron in H-atom jumps from ener 
staten; =4 ton, = 3, 2, 1. Identify the spectral 
series to which the emission lines belong. 


NUMERICAL PROBLEMS 


49. Calculate the de-Broglie wavelength 
- associated with the electron in the second 
excited state of hydrogen atom. The ground 
state energy of the hydrogen atom is 13.6 eV. 
CBSE 2020 


A12.5 eV electron beam is used to excite a 
gaseous hydrogen atom at room 
temperature. Determine the wavelengths and 
the corresponding series of the lines emitted. 
All India 2017, 16 


50. 


51. The number of o-particles scattered at 90° is 
50 per minute. What will be the number of 
o-particles, when it is scattered at an angle of 
120°? 


52. The ground state energy of H-atom is 
-13.6 eV. What are the kinetic and potential 
energies of electron in this state? 


NCERT, All India 2014 C, All India 2010 


. Find the ratio of energies of photons 
. produced due to transition of an electron of 
H-atom from its 
(i) second permitted energy level to the first 
level and 
(ii) the highest permitted energy level to the 
first permitted level. All India 2010 


- The gravitational attraction between electron 
and proton in a H-atom is weaker than the 
Coulombic attraction by a factor of about 
107“, Estimate the radius of the first Bohr 
orbit of a H-atom, if the electron and proton 
were bound by gravitational attraction. NCERT 


55. 


In accordance with the Bohr’s model, find the 
quantum number that characterises in the 
earth's revolution around the sun in an orbit 
of radius 1.5x 10"'m with orbital speed 
3x10‘m/s. (Mass of the earth = 6 x 1074 kg) 
NCERT 


proms 


56. 


s]. 


58. 


59. 


60. 


6l. 


62. 


63 


65. 


The radius of the innermost electron orbit of a 
H-atom is 5.3x 10-" m. What are the radii of the 
n=2andn = 3 orbits? NCERT 


jn Bohr’s model of H-atom, the radius of the 
first electron orbit is 0.53 A. What will be the 
radius of the third orbit and the first orbit of 
singly ionised helium atom? 


In the ground state of H-atom, its Bohr radius is 
given as 5.3 x107"'m . The atom is excited such 
that the radius becomes 21.2x 10" m . Find (i) 


the value of the principal quantum number and 
(ii) the total energy of the atom in this excited 
state. Delhi 2013C 


If the average life time of an excited state of 
hydrogen is of the order of 10° s. Estimate how 
many orbits an electron makes when it is in the 
state n = 2 and before it suffers a transition to 
state n =1 (Bohr radius, ay = 5.3x10" m)? 


AH-atom initially in the ground level absorbs a 
photon, which excites it to the 
n= 4 level. Determine the wavelength and 


frequency of photon. NCERT 


The short wavelength limit for the Lyman series 
of the hydrogen spectrum is 913.4 A. Calculate 
the short wavelength limit for Balmer series of 
the hydrogen spectrum Delhi 2016 


The ground state energy of hydrogen atom is 
-13.6 eV. If an electron makes a transition from 
an energy level -1.51 eV to - 3.4 eV, then 
calculate the wavelength of the spectral line 
emitted and name the series of hydrogen 
spectrum to which it belongs. Delhi 2016 


A photon emitted during the de-excitation of 
electron from a state n to the first excited state 
in a hydrogen atom, irradiates a metallic 
cathode of work function 2eV, in a photocell, 
with a stopping potential of 0.55 V. Obtain the 
value of the quantum number of the state n. 
CBSE 2019 


A hydrogen atom in the ground state is excited 
by an electron beam of 12.5 eV energy. Find out 
the maximum number of lines emitted by the 
atom from its excited state. CBSE 2019 


(a) Draw the energy level diagram for the line 
Spectra representing Lyman series and 


Balmer series in the spectrum of hydrogen 
atom. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 
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(b) Using the Rydberg formula for the spectrum 
of hydrogen atom, calculate the largest and 
shortest wavelengths of the emission lines 
of the Balmer series in the spectrum of 
hydrogen atom. CBSE 2019 
(Use the value of Rydberg constant, 

R =11x10 m`’). 


Calculate the de-Broglie wavelength associated 
with the electron revolving in the first excited 
state of hydrogen atom. The ground state 
energy of the hydrogen atom is ~ 13.6 eV. 

CBSE 2020 


An electron jumps from fourth to first orbit in 
an atom. How many maximum number of 
spectral lines can be emitted by the atom? To 
which series these lines correspond? Foreign 2016 


What is the minimum energy that must be 

given to a H-atom in ground state so that it can 
emit an H, -line in Balmer series? If the angular 
momentum of the system is conserved, what 
would be the angular momentum of such 

H, photon? NCERT Exemplar 


Find the quantum number n corresponding to 
the excited state of He’ ion, if on transition to 
the ground state that ion emits two photons in 
succession with wavelength 1026,.7A and 

304 A. (Take, R = 1.097x10' per m) 


Calculate the shortest wavelength in the Balmer 
series of hydrogen atom. In which region 
(infrared, visible, ultraviolet) of hydrogen 
spectrum does this wavelength lie? 

Delhi 2015, All India 2016 


Find the ratio between the wavelengths of the 

‘most energetic’ spectral lines in the Balmer and 

Paschen series of the hydrogen spectrum. 
Compt. 2016 


What is the shortest wavelength preSent in the 
Paschen series of spectral lines? NCERT 


(i) In H-atom, an electron undergoes transition 
from second excited state to the first excited 
state and then to the ground state. Identify 
the spectral series to which these transitions 
belong. 

(ii) Find out the ratio of the wavelengths of the 
emitted radiations in the two cases. Delhi 2012 


Find out the wavelength of the electron orbiting 
in the ground state of hydrogen atom. Dehli 2016 
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75. 


75. 


78. 


79. 


80. 


81. 


82. 


Find the wavelen 


gth of the electron orbiting in 
the first excited ; 4 


state in hydrogen atom. 
All India 2016 


Use de-Broglie's hypothesis to write the relation 
for the nth radius of Bohr orbit in terms of 

Bohr’s quantisation condition of orbital angular 
momentum. Foreign 2016 


The ground state energy of a H-atom is — 13.6 eV. 
If an electron makes a transition from an 
energy level — 0.85 eV to — 1.51 eV, then calculate 
the wavelength of the spectral line emitted. To 
which series of hydrogen spectrum does this 
wavelength belong? All India 2012 


The total energy of an electron in the first 
excited state of the H-atom is about — 3.4 eV. 
(i) What is the kinetic energy of the electron in 

this state? 

(ii) What is the potential energy of the electron 
in this state? 

(iii) Which of the answers above would change, 
if the choice of the zero of potential energy 
is changed? NCERT 


Obtain the first Bohr radius and the 

ground state energy of a muonic H-atom (i.e. an 

atom in which a negatively charged muon (j) of 

mass about 207 m, (orbit around a proton). 
NCERT 


State any two postulates of Bohr’s theory of 
H-atom. What is the maximum possible 
number of spectral lines when the H-atom is in 
its second excited state? Justify your answer. 
Calculate the ratio of the maximum and 
minimum wavelengths of the radiations 
emitted in this process. All India 2010) 


A 12.5 eV electron beam is used to bombard 
gaseous hydrogen at room temperature. Upto 
which energy level the H-atoms would be 
excited? Calculate the wavelengths of the first 
member of Lyman and first member of Balmer 
series. All India 2014] 
(i) Using the Bohr’s model, calculate the speed 
of the electron in a H-atom in the n =1,2 and 
3 levels. 
(ii) Calculate the orbital period in each of these 
levels. NCERT 


. (a) K= 
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| HINTS AND SOLUTIONS 


(a) In Rutherford’s nuclear model of the atom, the entire 
positive charge and most of the mass of the atom are 
concentrated in the nucleus with the electrons some 
distance away. 


. (a) In -particle scattering experiment, the shape of the 


trajectory depends on the impact parameter only. 


. (b) From the formula of angular momentum and Bohr’s 


assumption, mvr = n(h/27) 

Here,n=1 => 3 mvr=h/2n 

e? | (9x 10° Nm?/C’) (16 x10" CY 
= (2)(47x10%m) 
= 245x108 J 

=153 eV 


8E r 


._ (a) Asset of atoms in an excited state decays in general 


to any of the states with lower energy. 


. (d) In Pfund series, 


1 1 1 
EEA 


Maximum wavelength is given by 
In transition 6 > 5 


1 1 1 
a Riem 
A nie (5 F 


Minimum wavelength is given by 
In transition œ — 5 


1 1 1 
= R | = acn 
AÀ min (5 5) 


So, ratio is AA 
11 


` 


» (a) Paschen series of hydrogen gas lies in infrared 


region. 


- (a) &-particle is positively charged, so is the nucleus, so 


the large angle of scattering of &-particle shows that the 


nucleus is positively charged and concentrated in the 
central core. 


» (a) 
. (b) 
. (b) 
< (c) 


. (i) (c) E, = = (2") 


—13.6 


In first excited state, E H; =3.4eV 


joms 


and Eye =- 13.6 eV 

So, H, atom gives excitation energy 

(136-34 = 10.2 eV) to helium atom. 

Now energy of He ion = — 13.6 + 10.2 = — 3.4 eV 


Again, E = $S x z? 
n 


> -34 =É x (2? > n=4 
n 
1 ieee 1d 1 
(ii) (r= he È zl 


Here n, =3and n, =4 = 4 = 4.8 x107 m 
z? 
(iii) (a) Kinetic energy, K œ F 


2 
Kje Zue 2) 4 


i ; ‘iii n? he, 
(iv) (b) Radius of the permitted orbit is r = ———& 


T mZe? 
For hydrogen atom in ground state, i.e., 
2 
n=1,Z=1 > r= EL 
nme 
(v) (a) Angular momentum for hydrogen atom, 
nh 
L=— 
2n 
For first excited state, n= 2 
=> = h 
T 
14. ( 


i) (d) Rutherford’s atom had a positively charged centre 
and electrons were revolving outside it. It is also 
a the planetary model of the atom as in option 


(ii) (d) As the gold foil is very thin, it can be assumed that 
O-particles Will suffer not more than one scattering 
during their passage through it. Therefore, 
computation of the trajectory of an Q.-particle 

__ Scattered by a single nucleus is enough. 

(ili) (a) The scattered @-particles were observed through a 
rotatable detector consisting of zinc sulphide screen 
and a microscope. The scattered G-particles on striking 
the screen produced brief light flashes or scintillations. 

ese flashes may be viewed through a microscope 
and the distribution of the number of scattered 


Particles may be studied . 
scattering y ed as a function of angle of 


(iv) (a) In Rutherford's 
entire positive char 
atom are concen 
electrons some dis 
Observation of Gei 


nuclear model of the atom, the 
ge and most of the mass of the 
trated in the nucleus with the 
tance away. It is obvious from the 


ger Marsden experiment that most 
of the a-particles Pass straight through the gold foil. 


(v) Pee of head-on-collision, the impact parameter 
fact gs and the @-particle rebounds back. So, the 
at only a small fraction of the number of 


15. 


16. 


17. 


18. 


19. 


20. 


21. 
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incident particles rebound back indicates that the 
number of &-particles undergoing head-on collision is 
small. 


This in turn implies that the mass of the atom is 
concentrated in a small volume. 


Hence, options (a) and (b) are correct. 


(i) Rutherford’s model did not explain the stability of 
nucleus. 


(ii) It does not explain the line spectrum of hydrogen 
atom. 


For first excited state, n = 2 
Ground state occurs for n =1 


Since, 1, =n n° and rc n? 


2 2 2 
n 
no m 1 
So, r, +, =4:1, where r, and r, are radii corresponding to 
first excited state and ground state of the atom. 
No, it is not possible for the electron to have different 
energies because according to Bohr's model, 
= 13.6 
E = 


n 
nê 


The electrons which have different energies, have 
different values of n. 


n 
Angular momentum, mvr = —, so as n changes angular 
momentum changes. 


The angular momentum of electron revolving in nth 
orbit of hydrogen atom is 


L=myvr= nh 
2n 
For second orbit, n= 2 


Haline of the Balmer series in the emission spectrum of 
H-atom is obtained in visible region, 


On removing one electron from He* and He?, the energy 
levels, as worked out on the basis of Bohr’s model will 
be very close as both the nuclei are very heavy as 
compared to electron mass. 


Also, after removing one electron, He* and He? atoms 
contain one electron and are hydrogen like atoms. 
Refer to text on pages 473 and 474. 

The distance of closest approach is given by 


1 2exZe 


ATE, r 


=K fi) 


: 1 
Le. rec — 


Let ry be the new distance of closest approach for a twice 
energetic .-particle. 
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22. Refer to text on pages 473 and 474. 
23. Refer to text on pages 474 and 475. 
24. Refer to text on page 475. 


25. Refer to text on pages 474, 475 and 476. 


26. An atom can emit or absorb radiation in the form of 
discrete energy photons only when an electron jumps 
from a higher to a lower orbit or froma lower to a 
higher orbit, respectively, 

Frequency condition hv = E,-E, 

where, v is frequency of radiation emitted, E; and E, are 
the energies associated with stationary orbits of 
principal quantum numbers n andn f Tespectively (where 
n > np). 

27. Refer to text on page 475. 

28. Refer to text on page 476. 

29. Refer to text on page 476. 


30. Refer to text on page 479. (de-Broglie’s Comment on 
Bohr’s Second Postulate) 
3L According to Bohr's theory, centripetal force required by 
the electron for its motion around the nucleus = Electric 
force between the proton and electron. 
mv. 1 (4p (Ge) 
ro 4NEo r’ 
where, r = atomic radius, q p = charge of proton = + e 
q. = charge of electron = — e 
(e)(-e)__1 -e° 


2 


[from Coulomb’s law] 


Charge on electron, q, = — e 


Putting the new value (keeping after factors unchanged), 


i.e. Bohr’s formula remain unchanged. 
32. No; Because according to Bohr's model, energy of 


13.6 


n? 


electron in nth orbit of H-atom, E,, =- 


Hence, electrons having different energies belong to 
different energy levels, i.e. different values of n. 
Therefore, their angular momentum will be different due 
to different values of nas 


nh 
Angular momentum, L =mvr = ro 


33. The reduced mass m of two particle system of masses m, 


ir n. Lya 
iven by —=— +—. 
and m, is g y m h, m, 


34. 


35. 


36. 
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The total energy of the electron in the stationary states 
4 


of the hydrogen atom is given by E, = — >: Where 


me 
Bn’ e2h 
signs are as usual but m is the reduced mass of electron 
and proton. Also, the total energy of the electron in the 
ground state of the hydrogen atom is —13.6 eV. For 
H-atom, reduced mass is m, whereas the positronium, 


m 
the reduced mass is m = = Hence, the total energy of 


the electron in the ground state of the positronium atom 


ig REE Ewe 


From the nth state, the atom may go to (n-1) th state, ... 
2nd state or 1st state. So, there are (n—1) possible 
transitions starting from the nth state. 

The atoms reaching (n—-1)th state may make n-2 
different transitions. Similarly, for other lower states, 
the total number of possible transitions is 


(n-1)+ (nA Re 3) 4-4 241 D 


Refer to text on pages 507 and 508. 
(Bohr’s Model of Hydrogen Atom) 


1 
For Brackett-series, — = R (2 - =} where 
A 4° oun? 
n=5,6,7,... 
For shortest wavelength, n=5 
Z = =1.097 x 10” (=-+) 
A 16 25 


9 
= 1.097 x 10’ x = 0.0246x 107 
16X 25 


=> A= 40.514x 107 = 4051 nm 


It lies in infrared region of electromagnetic spectrum. 
The velocity of electron, 


1 Ze? 


vou 


n 2he, 


Here, Z =1,e = 1.6 107” Gi 
Ep =885 x 10°? NC?m~?, 
h= 6.62x 10™ J-s andn=2 
(in 1st excited state) 
1x (1.6x 10°) 
2X 2x (6.62x 10") x (8.85 x 107) 
= 1.09x 10° m/s 


>v = 


2,2 
Radius of orbit, = nhe 

nme? 
Here, m = 91 x 107?! kg 


> jE (2)? x (6.62x 107)? x (885x 107°?) 
3.14x (9.1x 107!) x (16x 10”)? 
= 2.12x 107? m 


toms 


Time period or orbital period, 
p= 
V2 
_ 2x 3.14x 2.12x 10°” 
7 1.09x 10° 
= 1,22x 10" s 


37, Refer to text on page 473. (Observations) 
Refer to text on page 474. (Impact parameter) 

38, Refer to text on page 476. 

39. Refer to text on page 477. 

40. Refer to text on page 477. 

41. (i) Bohr's second postulate states that the electron 
revolves around the nucleus in certain privileged 
orbit which satisfy certain quantum condition that 
angular momentum of an electron is an integral 


multiple of pa where h is Planck’s constant. 
us 


: h 
i.e. L=mvr= n 
2T 


where, m = mass of electron, v = velocity of electron 
and r = radius of orbit of electron. 


=> anr=n (>) 
a mv 


. Circumference of electron in n th orbit 
=nX de-Broglie wavelength associated with 


A 
electron. A R 


mv 
(ii) Given, the electron in H-atom is initially in third 
excited state. 
ve n=4 
And the total number of spectral lines of an atom that 
can exist is given by the relation 


_ n(n-1) 
— 
Here, n=4 
So, number of spectral lines 
_4(4-1)_4x3_, 
2 2 


Hence, when a H-atom moves from third excited state to 
Ground state, it emits six spectral lines. 


Refer to text on page 477. 


In H-atom when an electron jumps from the orbit n, to 
orbit n;, the wavelength of the emitted radiation is 


given by 
1 1 1 
E) Ee 
A G 3 


Where, R = Rydberg constant = 1.097x 10’ m” 
For Balmer series, ny = 2and n; =3,4, 5,... 


1 1 1 
ae) e 
À k | 


42. 


where, n, =3,4,5,... 
These spectral lines lie in the visible region. 


əwıs POyOXy 


S 
v 
5 -3.40 
5 
Cc 
Ww 


-13.6|9=1 Ground state 


43. (i) According to Bohr's principle, electrons revolve in a 
stationary orbit of which energy and momentum are 
fixed. The momentum of electrons in the fixed orbit is 


given by ʻi (where, n= number of orbits). 
T 


According to de-Broglie’s hypothesis, the electron is 
associated with wave character. Hence, a circular 
orbit can be taken to be a stationary energy state only 
if it contains an integral number of de-Broglie 
wavelengths, i.e. 2nr = nA 


(ii) According to question, 


he 

E,-E.=— ...{i) 
BT Ec i 
he 

E,-E,=— .. (ii) 
ATEB ds 
—he 

Ea -E,=— ... (iti) 
c A Xs 


Ep — Eç + E4 — Ep +t Ec - Ea 


1 1 l 
ai ene 
Fla. wy. Ki 
pe eee | AA, 
— = — + — > = 
? 4. ih i ae 


This is the required expression. 


44. °, The total energy of the electron in the nth stationary 
state of hydrogen like atom of atomic number Z is given 


2 -13.6 eV 
m nee 


For a He-nucleus with charge 2e and electrons of charge 
— e, the energy level in ground state is 


(-13.6eV)_ (213.6 eV 
p, = z(=) 2 


=-54.4 eV 
Thus, the ground state will have two electrons each of 
energy E and the total ground state energy would be 
—(4 x 136) eV =- 544 eV 


490 


45. (a) Bohr's second postulate defines the stable orbits. This 
postulate states that the electron revolves around the 
nucleus only in those orbits for which the angular 
momentum is some integral multiple of h/2n, where h 
is the Planck's constant (= 663 x 107" J-s), 


co 
LN 
(an 
Qf 


A standing wave is shown on a circular orbit 


According to de-Broglie wavelength of moving 


electron À = 
my, 

where, v, is speed of electron revolving in nth orbit. 
As, 2nr, = nÀ [from figure] 

nh 

2mr, = 
my, 
nh 

or mv, =— =n(h/2n) 
i 2n 


i.e. Angular momentum of electron revolving in nth 
orbit must be an integral multiple of h/2m, which is the 
quantum condition proposed by Bohr in his second 


postulate. 
(b) We know that, energy of electron in nth orbit is 
E,=- = eV 
n 
For n=], 
E, =—-136eV 
Similarly, for n = 4, ‘ 
E,=- = eV 
(4) 
“. Energy difference, AE = E, - E, 
13.6 
=|- — —(-136)] eV rn (| 
| 5 ( )| (i) 
Also, energy of photon is 
AE = hy 
AE 
= v= ri . (ii) 


From Eqs. (i) and (ii), we get 
-19 
v= (25 noiet a0 
16 6.63x 10°" 
v=31 x10" Hz 
46. Let v be the frequency when a hydrogen atom jumps 
from level n to (n 1). 
ie, n =(n-1) 
m =n 


Energy, E= hv= E, -E, 


In Bohr’s atomic model, velocity of nth orbit, v = 


and radius, r = 
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mca’ [(n+ n—1)(n-— n +1)] 
S ha 
_ mca? (2n—1) 
g 2hn°(n —1} 


For large values of n, (2n —1 = 2n), (n —1 = n), we have 


~ 2hr? hn? 


— 


mc’a’ 2n _ mc’a? E os 2nKe* 
- metat T | 
mc? 41?K7e* 
he r 
aan K’ met 


hn 


hn 


2nmr 
rh 


4n°mKe* 


Thus, frequency of oscillation 


v _ nh (aa 


Voe—_ = 
2nr  2nmr\ 2nn*h* 


_ Ke? _ Ke? (4n? mKe*)_ an*mK?e" 
nhr nh nh nh? 


It is same as Eq. (i). 
So, we can say that for large values of n, the classical 
frequency of revolution of electron in nth orbit is same as 
the frequency of radiation emitted when hydrogen atom 
de-excites from level nto level (n —1). 

47. (a) Refer to text on Pages 475 and 476. 
(b) The wavelength of the lines in Balmer series is 


expressed by the forntula, 


1 1 1 
—= R| = 
À (5 3 


For shortest Wavelength of the spectral line emitted in 
Balmer series is given by 


coy ca 
inl tier we 
10 ` 7 
- ~ R=10') 
: [R 
> 4,<4 wi 
t= p74 X10" m= 4000 A 
For longest wavelength in Balmer series, 
De oft 
a Geo (:n=3) 


poms 


1 5X10 

> u 36 

or = A, = 7.2 107 m=7200 A 
A, _ 7200 9 
A, 4000 5 


48. Refer to text on pages 477 and 478. 


As, V= Rex T 


2 
np on, 


Here, higher state is n, = 4 and lower state 
n= 3,2,1 
For the transition, 


is 


n =4ton; =3:— Paschen series 
n =4 ton; = 2:— Balmer series 
n =4 ton, =1: => Lyman series 
49, Energy in second excited state, 


Ey=- ay 
(3) 
eee =-151eV 
Energy in ground state, 
E, =-136eV 
AE = E, - E, 
= 1.51- (-13.6) 
=- 151+ 13.6 
=1209eV 
Wavelength, 4 = +2375 4 _ 12375 A=1023A 
AE 12.09 
50, Energy of electron beam, 
E = 12.5 eV 


= 12.5x1.6x107 J 
Planck constant, h= 6.63x 107! J-s 


Velocity of light, c = 3 x 10° m/s 


Using the relation, E = oe 
-34 8 
" 4, = 663x 10 x 3x 10 
12.5 1.6x 107 
= 0.993x 107m 
= 993x 10m 


=993A 
So, wavelength falls 
912A to1216A. 


Approx. 22 per minute, refer to Example 1 on page 473. 


: Refer to Example 4 part (ii) on page 478. 
. (i 10.2 eV; refer to Example 5 on page 479. 


(ii) The highest permitted energy level to the first 
Permitted level, 


AE = E,,-E, =0-(-13.6)= 13:6 eV 


in the range of Lyman series from 


54. 


55. 


56. 


57 


491 


Ratio of energies of photon 


10.2 3 
=—=_=+ 4 
13.6 4 
As, we know that the radius of first Bohr orbit of 
2 
ins, *) 
H-atom is h= NAR 
m,e? 


Let us consider that the atom is bound by the 
ore Gm,m 
gravitational force = — 
3 


2 
We replace = by Gm,m,. In that case, radius of first 
0 


orbit (Bohr) of H-atom would be 


2m 
h = —— 


2 
Gm, -m, 


By substituting the standard values, we get 


6.63x 10) 
í 2x 3.14 
o7 66x 10™ x 1.67x 107 x (9.1x 10 y? 
=1.2x 10" m 
Given, radius of the orbit of the earth around the sun, 
r=15x10"'m 

Orbital speed of the earth, v = 3 x 10° m/s 
Mass of the earth, m= 6x 10" kg 
According to Bohr’s model, angular momentum is 
quantised and given as, mvr = 7 
Where, h = Planck constant = 6.63x 107 * J-s 

n= quantum number. 

n= Mean _ 2m X 6X10" X3x 10° x 15x 10" 


h 663 x 107" 
= 25.61x 10” 


= 2.6x 10" 


Hence, the quantum number that characterises the 
earth's revolution is 26 x 10". 


2.12X 107° mand 4.47x 10°" m; refer to example 4 (i 
on page 510. 


. Whey 
Radius of the nth Bohr orbit, r= eT 
1 
Again, re 7 
. Miet = Zu 
u Z 


For hydrogen, Z =1 and for helium, Z = 2 


. The* 1 
hù 2 

=> r -l 
Htp 


For radius of third orbit, i.e. for n=3 
r, = (3)? x 0.265A 
= 9x 0.265A 
= 2.38A 
58. (i) We know that, r œ n? 


n 

1 _ 53x10! 
nm 21.2x10™ 
n 
nz 


(i) We know that, £ = 216 — 136 
i n 4 
= —34 eV 


59. Angular momentum of an electron in nth orbit = = 
T 
By Bohr’s hypothesis, we have 


nh nh 
myr =— > v= 
2n 2mmr 
Time period to complete a revolution in an orbit, 


q = 277 _ 2nr (2nmr) 4x? mr? 


= — FS i 


v nh nh 
Since, radius of the orbit is proportional to n?, hence 
ron 
= r= an? 


2 
_4n ma, n _ An? man? 


nh h 
“. Number of orbits completed in 107° s 


_ 10 10° xh 


-8 
T 4m? map ni? 


107° x6.6x107*4 


T 


4 x (3.14)? x 9.11077) x (5.3 x107 11}? x (2)3 


=8x10° 


60. To find the wavelength and frequency of photon, use 
the relation of energy of electron in hydrogen atom. 


13.6 
E- =- aT eV 
n 
—13.6 
- E, = 3 eV 
n 
—13.6 
= E\=- 3 V 


61. 


62. 
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=—13. 6 eV 


—13.6 
E, — FY eV 


= ees —0.85 eV 
16 


AE = E, — E,= -0.85-(-13.6) 
12.75 eV 
AE = 12.75eV =1275 X16 x10” 


= 204 x10°""J 
AE _ 20.4x 107” 


AE = hy 5 v = — =—— 
h 663x 10” 
= 3.1x 10° Hz 
c 3x 10° 
Wavelength of photon, 4 = -= ———~ 
v 31 x 10 
= 9.74x 10 êm 


Thus, the wavelength is 9.74 10° *m and frequency 


is 3.110" Hz. 
Lyman series, n = 2, 3, 4...ton=1 


For short wavelength, n= œ ton=1 
12375 _ 12375 


Energy, E =s 2 =i e 
By A(A)’ 9134 
= 13.54 eV 
Also, energy of nth orbit, E = = 
n 


So, energy ofn =1, energy level =13.54 eV 
Energy ofn = 2, energy level 


= =~ = 3.387 eV 
So, short wavelength of Balmer series = ee, 
3.387 
= 3653A 
Energy levels of H-atom are as shown below 
-1.51eV 
n=3 
-3.4 oV = 
ns2 
~13.6 av 
n=1 
Wavelength of spectral line emitted, 
_ he 
~ AE 
Taking, he = 1240 eV-nm, 
We have, AE =- 1.51- (- 3.4) 
= 1.89 eV 
1240 
ETA 
= 656 nm 


This belongs to Balmer spectral series, 


Atoms 


1 1 1 
=90V, —= R= 
63. Here, 9 = 2€ A £ 2) ° 


nm = 2, nm, = 


: 4 


= 662 *10* x 3 x10° x 1.097 x10" £ -> 


n 
= (3,2 +088) x 107" 


Een G E ‘4 
=> 21.786 x10" $ - 4} = 40510 = 
4 nè 


1d 0387 = n=4 
4 on 
64, The energy absorbed by it is 


~136+125=—-1.1¢eV 


136 
The energy, E, =- = 
5 
a =136 
> n? =—— =1236 
-11 


> n=3 


Thus, number of transitions = 3 


65. (a) Refer to diagram on page 511. 
(Line Spectrum of the H-atom) 
(b) For largest wavelength, n = œ 


1 1 1 
=s | epee 
Am k z) 


l x10 
Àm 4 
4. 
> Ag = x10 
= 363610” m 
= 3636A 
For shortest wavelength, 
n=3 
1 1 1 
a || ae 
A, (3 3) 
=11x107x— 


36 


66. 


67. 


68. 


69. 
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=> id, ET 
55 | 
= 6545 X10’ m 
=6545A 


Energy stored in first excited state, 
—13.6 

E, =—— eV 
(2) 


go heey 
4 


Energy in ground state, Ey = — 13.6 eV 
AE = E, — E, = -136 —(-34) 


=-10.2eV 
Wave length (A) = 123s me 
AE 10.2 
=1213.23A 


Number of spectral lines obtained due to transition of 
electron from n = 4 (3rd excited state) to n =1 (ground 
state) is 

vd gua u 


6 


n=4 (3rd excited state) 
n=3 (2nd excited state) 


n=2 (1st excited state) 


n=1 (Ground state) 


These lines correspond to Lyman series. 
The third line in Balmer series in the spectrum of 
hydrogen atom is H}. H, in Balmer series corresponds 
to transition n = 5 to n = 2 So, the electron in ground 
state, ie. from n =1 must first be placed in state n= 5. 
Energy required for the transition from n = 2ton=Sis 
given by 

= E, — E, = 13.6- 0.54= 13.06 eV 
Since, angular momentum is conserved. 
Angular momentum corresponding to H, photon = 
Change in angular momentum of electron 

=L,-L, =5h- 2h=3h= 3x 1.06x 10 

= 3.18x 10°" kg-m?/s 
Given, ++ = - rz*(i -+) 


2 


= 1 _| 1026.7 + 304 1 | 
1026.7 X304 4 %1,097 x10’ 


> = = 00275 
n 
=> n=603 


Hence, the principal quantum number is 6. 


494 


TO. Since, we know that for Balmer series, 


a A e. 
= 2 sm e n, =3,4,5, eaves 


2 


For shortest wavelength in Balmer series, the spectral 
Series is given by 


n= 2, n, = œ 
> Ia (=-3} 
x 9? co? 
> Bos Rx => 1 R 
À 4 A 4 
= gn es n, 
R 1,097x 107 
[- R=1.097 x10’ m™'] 
= A= 3.64x 107 m 
The lines of Balmer series are found in the visible part of 
the spectrum. 
TL For Balmer series, == R( -4 r 
Ap 9? nè 
For highest energy n— œ = 2g = £ 
1 R R 
=> — = — = — 
Ap -2 á 
A 1 1 1 
For Paschen series, — = E - *) 
Àp 3 n? 
For highest energy, 
9 
n>eo=>A,p=— 
R 
> 49 
=> Agi: Aps—:—> ony 
Bier RR 


72. Using formula for Paschen series, 
1 1 1 
== R~- | m =4,5,6,... 
à 3? | i 


For shortest wavelength, n, = 2 


or 


73. (i) An electron undergoes transition from second excited 

state to the first excited state which corresponds to 

Balmer series and then to the ground state which 
corresponds to Lyman series. 

(ii) The wavelength of the emitted radiations in the two 


cases. 
n= -1.56V 
on Balmer series -346V 
Lyman series 
-13.6 eV 
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hc 
We know that, 4 = — 
A A 


From n > Mz 


À, = he 
E, =E 
o h he 
~ (=1.5)- (-3.4) 1.9 
From n, > mh» 
_ he 
2? E,-E, 
_ he S he 
~ (= 3.4)-(— 13.6) 10.20 
Ay = paS =5.3 
As 19 
74. For an electron revolving in nth orbit of radius r,, then 
we have, nÀ = 20 
For electron orbiting in ground state, n=1. 
1A = 200 
= 2nx05A [<r =05A] 
=TA 
or A =3.14A 


75. 


76. 


For electron in first excited state, ie. n = 2. 
So, if À be its wavelength (de-Broglie), then we have 
nÀ = 2tr, 
where, r, is the radius of second orbit. 
r, = 05 Xn? (in A) 
=05x4=2A 
^ 2xA=2xnx2A 
=> À = 2n(A) =6.28A 
According to Bohr’s postulates, 
myr = nh a(i) 
2n 
(where, mvr = angular momentum of an electron and nis 
an integer). 
Thus, the centripetal force, "YÉ (experienced by the 
r 


, kZe? 
electron) is due to the electrostatic attraction, =r 
r 


where, Z= Atomic number of the atom. 


2 
Therefore, mv i kZe? 
r r? 
Substituting the value of v? from Eq. (i), we obtain 
m o nèh kZe? 
ro anê mêr P 
242 
> -nh 
4n’mkZe? 


roms 


The relation for the nth radius of Bohr orbit in terms of 
Bohr’s quantisation condition of orbital angular 
242 
nh 
~ 4n?mkZe? 
71. 18751 A; refer to Q. 62 on page 485. 


The wavelength belongs to Paschen series of hydrogen 
spectrum. 


78, (i) 3-4 eV and (ii) — 6.8 eV; refer to Example 4 part (ii) on 
page 478. 

(iii) The potential energy of a system depends on the 
reference point taken. Here, the potential energy of 
the reference point is taken as zero. If the reference 
point is changed, then the value of the potential 
energy of the system also changes. Since, total energy 
is the sum of kinetic and potential energies, total 
energy of the system will also change. 


momentum 


79, Muonic hydrogen is the atom in which a negatively 
charged muon of mass about 207 m, revolves around a 
proton. 


‘ ] 
In Bohr’s atomic model, r œ — 
m 


m 1 


—- "m, = 207m 
u 207m, 207 [em d 


Meectron 


Here, r, is radius of orbit of electron in H-atom = 053 A 


pee. = 053X 10°” 
E 207 207 
= 2.56x 10°? m 
Again in Bohr’s atomic model, 
Eom 
l Ep _ My _ 207 mg 
f E, m, j m, 
> E, = 207 E, 
For ground state, energy of electron in H-atom, 
E, =- 13.6 eV 
E, = 207 (~ 13.6) 
= — 2815.2 eV 
= — 28152 keV 


80. Refer to text on pages 475 and 476. 


In second excited state, i.e. n = 3, three spectral lines 
namely Lyman series and Balmer series can be obtained 
corresponding to transition of electron from n =3 to 
n=landn=3ton= 2 respectively and n= 2to n=1. 
For Lyman series (minimum wavelength) n = 3 to n =1, 


1 1 1 
ee (š = >) = 8R/9 . (i) 


For Balmer series (maximum wavelength) 
n=3ton=2 
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i, a (ii) 
Aii * 36 
Dividing Eq. (i) by Eq. (ii), we get 
8R 
A max = 9. 
À min J 5R 
36 
BR 36 _ 32 
9 5R 5 


Aone Ann M3205 
81. The energies of gaseous hydrogen at room temperature 
are as given below 
E, =-13.6 eV, E, = -34 eV 
E, =- 1.51 eV, E, =- 085 eV 
E, - E, = —151—(-136)= 1209 eV 
and E, —E, = — 085 —(-136)= 1275 eV 
As, both the values do not match the given value, but it 
is nearest to E} - E}. 


“Upto E, - E, energy level, the H-atoms would be 
excited. 


1 1 1 
Lyman series, — =R| ~- — 
yman series, =A 


For first member, n = 2 


1 1 1 

Ki | 
Ai E z 
= 1,097 wE 


——— | 


=> hy = 1.215 x 107 m 


A 


For first member, n =3 


1 1 1 

—=R\—-— 

a, E d 
= 1,097 x10 Los 
l4 9 


=> A, =6.56 x107” m 
82. (i) Let v, be the orbital speed of the electron in a 
H-atom in the ground state level, n, =1. For charge (e) 
of an electron, v, is given by the relation, 
2 2 
e e 


W=—T ah 


aE] 
n lon 


where, e = charge on an electron 
= 16x10" C 
£, = permittivity of free space 


Balmer series, i als - z| 
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= 8.85x 107? NC?m~ 
h = Planck constant = 6.63 X 107" J-s 
(1.6x107"°)? 
2x 8.85x10"" x 6.63107" 
= 0.0218 x10* = 2.18 x10° m/s 
We know that, v, = v, /n 


For level n, = 2, we can write the relation for the 
corresponding orbital speed as, 


.. “v= 


v. =Y = 2:18 10° 
oa 2 
=1.09x10° m/s 


and for level n, = 3, we can write the relation for the 
corresponding orbital speed as 


v, _ 2.18x10° 
Va = tS 
3 
Hence, the speed of the electron in a H-atom in 


n=1, n=2 and n=3 is 2.18x 10° m/s, 
1.09x 10° m/s and 7.27 x10°m/s, respectively. 


(ii) Let T, be the orbital period of the electron and is given 


2mr 
by T= 
v 


=7.27 x10 m/s 
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"kE, 


e, r= radius of the orbit = 
wher a 


h = Planck constant = 6.63 x10™ Jes 
e = charge on an electron =1.6 x10" C 
£, = permittivity of free space 
= 885 x 10`"? N C’m” 
m = mass of an electron = 9.1x 10°” kg 


Forn=1, 
7 = 27 _ 2X 3.14 0.53x 10%” 
oy 2.18 10° 
= 1.52x 107'*s 
As, T, =n T, 
Then, T= (J T; = 8x152 x10" 
=1.22x10 "s 


T; = (3) T, = 27x 1522007" 
=4.10x 107s l 


Then, the orbital period in each of these levels is 
1.52x 107" s, 1.22x107™s and 410 x107" s, respectively. 


SUMMARY 


, g-Particle Scattering Experiment by Rutherford In this 
experiment, a collimated beam of a-particles of energy 5.5 
MeV was allowed to fall on 2.1x107'm thick gold foil. The 
a-particles were observed through a rotatable detector 
consisting of zinc sulphide screen and microscope and it 
was found that -particles got scattered, which produce 
scintillations on zinc sulphide screen. 


Rutherford's Model of Atom According to this model; 
every atom consists of a central core called the nucleus of 
an atom and the size of the nucleus is of the order of 107° 
m. The atomic nucleus is surrounded by certain number of 
electrons and they revolve around the nucleus in various 
circular orbits. 


Electron Orbits The total mechanical energy E of electron 
2 


ina hydrogen atom is E = — 
NE r 

Drawbacks of Rutherford's Model It could not explain 

{i) stability of atom. 

(ii) line spectrum. 


Distance of Closest Approach At a certain distance 1, 
from the nucleus, whole of the kinetic energy of -particles 
cannot go further closed to the nucleus. 


Scattering Angle Angle by which a-particles get deviated 


from its original path around the nucleus is called angle of 
Scattering. 


Impact Parameter Perpendicular distance of the velocity 
vector of the a.-particles from the central line of the nucleus 
of an atom is called impact parameter. 


Bohr's Model of Hydrogen Atom Bohr's combined 


Classical and early quantum concepts and gave his theory 
inthe form of three postulates. 


First postulate state that an electron could revolve ina 


Certain stable orbits without the emission of radiant energy. 


Second postulate tells that mvr = = 
tt 


Third postulate tells that hy = E,-E). 


Radii of Bohr's Stationary Orbits 


n’h 
4n*mke* 
= ron? 
Velocity of Electrons in Bohr's Stationary Orbits 
27 Zke* 
Vs 
nh- 
Frequency of Electrons in Bohr’s Stationary Orbits 
kZe? 1 
ysn > Ve- 
nhr n 
Total Energy of Electrons in Bohr’s Stationary Orbits 
452 
_-me Z 
8n7e2h* 


Hydrogen Spectrum It consists of discrete bright lines a dark 
background and is known as hydrogen emission spectrum. 


There is one more type of hydrogen spectrum exists, where we get 
dark lines on the bright background, it is known as absorption 
spectrum. 


Formulae for the Spectral Series of Hydrogen 
Lyman series om As - +} where n=2,3 4 ... 

À ron 

anal 1 <3 

Balmer series — = R | — -— |, where n =3,4,5, ... 

r 2° on 
Paschen series ay & 4) wheren =4.5,6 

h AS vn?) ai taal 


Brackett series 1 =R | - +) where n =5, 6, 7, ... 
À 4 n 


Pfund series A =R & - >) wheren =6,7,8,... 
r Sun 


de-Broglie’s Comment on Bohr’s second Postulate According 
to de-Broglie, a stationary orbit is that which contains an integral 
number of de-Broglie standing waves associated with the 
revolving electron, 


CHAPTER 


PRACTICE] 
(UNSOLVED) 


OBJECTIVE Type Questions 


1. 


Atoms consist of a positively charged nucleus 

is obvious from the following observation of 

Geiger-Marsden experiment 

(a) most of a-particles do not pass straight through 
the gold foil 

(b) many of a-particles are scattered through the 
acute angles 

(c) very large number of o-particles are deflected by 
large angles ; 

(d) None of the above 


The simple Bohr model cannot be directly 
applied to calculate the energy levels of an 
atom with many electrons. This is because 
, NCERT Exemplar 
(a) of the electrons not being subject to a central 
force 
(b) of the electrons colliding with each other 
(c) of screening effects 
(d) the force between the nucleus and an electron 
will no longer be given by Coulomb’s law 


Taking the Bohr radius as a, = 53 pm, the 
radius of Li** ion in its ground state, on the 
basis of Bohr’s model, will be about 

NCERT Exemplar 
(b) 27 pm 
(d) 13 pm 


(a) 53 pm 
(c) 18 pm 
In Bohr’s atomic model, in going to a higher 
level (PE= potential energy, TE = total energy) 
(a) PE decreases, TE increases 

(b) PE increases, TE increases 

(c) PE decreases, TE decreases 

(d) PE increases, TE decreases 


The kinetic energy in ground state of hydrogen 
atom is — 13.6 eV. What will be the potential 
energy of electron in this state? 

(a) — 27.2 eV (b)+ 27.2eV 

(c) -13.6eV (d)0 eV 


Balmer formula is valid for 

(a) hydrogen 

(b) singly ionised helium 

(c) doubly ionised lithium 

(d) All of the above 

In hydrogen spectrum, H, lines lies in 
(a) Lyman series 

(b) Balmer series 

(c) Paschen series 

(d) Brackett or Pfund in one of them 


The number of spectral lines produced due to 
transition among three energy levels will be 
(a) 10 


The de-Broglie wavelength of an electron in first 


. (b) 8 (c) 6 (d) 3 


Bohr’s orbit is 
1 : 
(a) equal to rl of circumference of orbit 


1 ‘ 
(b) equal to F of circumference of orbit 


(c) equal to twice of circumference of orbit 
(d) equal to the circumference of orbit 


VERY SHORT ANSWER Type Questions 


10. 


il. 


12. 


13. 


What is the impact parameter for scattering of 
a-particle by 180°? 


What is the ratio of mass of an a-particle to that 
of an electron? 


Calculate the radius of the first orbit of H-atom. 
Show that the velocity of electron in the first 
orbit is 1/137 times the velocity of light. 


Name the Spectral serie See: 
sof H- 
infrared region. atom lying in the 


SHORT ANSWER Type Questions 


14. 


Explain, why Scattering of a-particles in 


Rutherford’s experi i 
periment is not affi 
mass of the nucleons? ected by the 


Atoms 


Derive the expression for the wavelength of the 
H-atom for different spectral series. 

{6. Derive the Bohr’s quantisation condition for 
angular momentum of the orbiting of electron in 
hydrogen atom, using de-Broglie’s hypothesis. 
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LONG ANSWER Type I Questions 


{7. Explain the significance of negative energy of an 
electron in an orbit. What is the energy 
possessed by an electron for n = «? 


{8, Draw energy levels for the hydrogen atom. 

{9, What does an emperical formula mean? Hence, 
explain that how Balmer proposed this 
formula? 

20. Using Bohr's postulates, derive the expression 
for the total energy of the electron revolving in n 
th orbit of hydrogen atom. Find the wavelength 
of H, line, given the value of Rydberg constant, 
R =11x10" m”. 

21. What is the difference between emission spectra 
and absorption spectra? 


22, Explain the origin of spectral lines of hydrogen 
using Bohr’s theory. 


23. How did de-Broglie’s equation lead to the 
quantisation condition laid down by Bohr? 


LONG ANSWER Type II Questions 


24. (i) State the basic assumption of the Rutherford 
model of an atom. Explain in brief, why this 
model cannot account for the stability of an 
atom? 


(ii) Using Bohr’s postulates, derive the 


expression for radius of electron in nth orbit 
of electron in hydrogen atom. 


25. (i) Using postulates of Bohr’s theory of 
hydrogen atom, show that 
(a) the radii of orbits increase as n? and 
(b) the total energy of the electron increases 
as 1/n’, where n is the principal quantum 
number of the atom. 


(ii) Calculate the wavelength of H, line in 
Balmer series of hydrogen atom. 


Given, Rydberg constant, R = 1.097x 10’ m”. 


10.. 


ll. 


12. 


13. 


14. 


. (b) 2. (a) 
. (d) 7. (b) 
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ANSWERS | 


4. (b) 
9. (d) 


3. (c) 5. (b) 


8. (d) 


? coto/2 
We know that, impact parameter (b) = PoP 
ATE, K 


Here,  =180° 

b=0 [- cot 180°= 0] 
So, impact parameter becomes zero when scattering of 
a-particles occurs at 180°. 

We have, mass of o-particle 


(He) =4 x1.67 x10” kg 


Mass of electron = 9,1 x10”! kg 
ma £41.67 x10" _ 


=— =7341 
mo © 91x10 
Hence, @-particle is 7341 times heavier than electron. 
n h Eg 


...(i) 


We have, radius of nth orbit, r= 


n 


nmmZe* 

For n=1, 

z h’e, E (6.63x10™}? x(8.85x10"°) _ asit 
(3.14) (9.1 x10") (1.6x107" 


By Bohr's postulate, we can also write as 
nh 


2 
Tme 


y= 
2mmr 


pet bil) 
Putting Eq. (ii) in Eq. (i), we get 
Ze 1 


For n=1, we get v, = £ or we can write it as = — 
2hey 137 

Brackett and Pfund series of H-atom lying in the 

infrared region. 

The electrostatic force of attraction between (-particles 

and nucleus is = 10% stronger than the gravitational 

force, i.e. 

Gma M nucleus 
si PREE oe 
F, Kaa ands 

r 
Hence, scattering of -particles is not affected by the 


mass of nucleus significantly. 


i>] 


ai ao” 


15. Refer to text on page 478. 
16. Refer to text on page 479. 
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17. 
18. 
19. 


Refer to text on page 477. 
Refer to text on page 477. 


An empirical formula is based solely on observation and 
experiments but not necessarily supported by theory. 


The spacing between the spectral lines within certain 
sets of the hydrogen spectrum decreases in a regular 
way. As the wavelength decreases, teh lines appear 
closes together and are weaker in intensity. Balmer 
found a simple empirical formula for the observed 


comelengths. 
1 1 1 
aR] =S 
a G a 


Refer to text on pages 477 and 478. 
Refer to text on page 478. 
Refer to text on page 478. 
Refer to text on page 479. 


(i) Refer to the text on pages 473 and 475. 
(ii) Refer to the text on page 476. 
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25. (i) (a) Refer to the text on page 476. 
(b) Refer to the text on page 477. 


(ii) We know that, x n m 


For H,,-line in Balmer series. 


1 1 
ÍR 4-3| 
x 2% 3 
1 
z100} ;| 
4 9 


1 — 

9—4 
=1.097 x10” | —— 

36 


5 
=1.097-x10"| — 
36 

-7 


a 
or As > x 
À 


1 


— x10 
5x1.097 


=656Xx10 "m 


Rutherford established that a central core exists in every atom which contains entire 
positive charge and more than 99% mass of the atom, this central core was named as 
Nucleus. In this chapter, we will study the constituents of nucleus and how they are 
held together. Further, we will proceed with the topics, size, mass, density and stability 
of Nuclei. And finally, we will have a look at the associated nuclear phenomena such as 
radioactivity, nuclear fission and nuclear fusion. 


NUCLEI 


[TOPIC 1| 
Nucleus and Its Composition 


In every atom, the positive charge and mass are densely concentrated at the 
centre of the atom forming its nucleus. The overall dimensions of a nucleus are X% CHAPTER CHECKLIST 
much smaller than those of an atom. The radius of the nucleus is smaller than 
the radius of an atom by a factor of 10°. This means:the volume of a nucleus is 
about 107"? times the volume of the atom. 


COMPOSITION OF NUCLEUS 


The nucleus was first discovered in 1911 by Lord Rutherford and his associates 
Y experiments on scattering of -particles by atoms. He found that the 
scattering results could be explained, if atoms consist of a small, central, massive 
"4 positive core surrounded by orbiting electrons. The experimental results 
indicated that the size of the nucleus is of the order of 10° m and is thus 
ae smaller than the size of atom. The study of radioactivity revealed 
ceus Is Not a composite body, but it is made of nucleons.The positive 


Charge j ` i i 
ei in the nucleus is that of the protons. A proton carries one unit of 
damental charge. A free proton is stable. 


Atomic Mass Unit 


en à : ; 
ass of an atom is very small. Kilogram cannot be used to measure such 


Sma : : 
3 a of mass. It is measured by a unit called atomic mass unit 
> LC, u), 


t is defined as 


e Nucleus and Its Composition 
e Nuclear Energy 


lu = M38 of one °C atom _ 1992647 x10% kg 
12 7 12 


tomi 
c ; 
Masses are measured by an instrument called mass spectrometer. 


= 1660539 x 10” kg: 
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Discovery of Neutron 


The study of isotopes of hydrogen led to the fact that in 
addition to protons, the nuclei of atoms contain neutral 
matter in multiples of basic unit. This hypothesis was 
verified in 1932 by James Chadwick. Chadwick observed 
that when beryllium was bombarded with O-particles, some 
neutral radiations were emitted, which could knock out 
protons from lighter nuclei such as those of helium, carbon 
and nitrogen. Application of the principles of conservation 
of energy and momentum showed that these neutral 
radiations could not be photons. Chadwick satisfactorily 
solved this puzzle by assuming that the neutral radiation 
consists of a new type of neutral particles called neutrons. 


He estimated the mass of a neutron being roughly equal to 
mass of a proton. However, unlike a free proton, a free 
neutron is unstable. The composition of a nucleus can be 
described by using the following terms and symbols: 


Atomic Number (Z) 


Atomic number of an element is the number of protons 
Present inside the nucleus of an atom of the element. It is 
also equal to the number of electrons revolving in various 
orbits around the nucleus of the neutral atom. 


Atomic number, Z = Number of protons 
= Number of electrons (in a neutral atom) 


Mass Number (A) 


Mass number of an element is the total number of protons 
and neutrons inside the atomic nucleus of the element. 


Mass number, A = Number of protons 
+ Number of neutrons 


= Number of electrons (in a neutral atom) 
+ Number of neutrons 
= Atomic number + Number of neutrons = Z + N 


The term nucleon is also used for neutron and proton, 
Thus, the number of nucleons in an atom is its mass 
number A. 

Nuclear species or nuclides are shown by the notation me: 
where X is the chemical symbol of the species, 


EXAMPLE |1| Ina nucleus of ,,U*®, find the number 
of protons and the number of neutrons. 
SoL Number of protons, Z = 92 

.. Number of neutrons, N = A —Z = 238-92 =146 
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Size of Nucleus 

The size of the nucleus has been measured with the help ofa 
variety of experiments involving the scattering of Particles 
such as neutrons, protons, electrons, etc. From all these 
experiments, it is found that the volume of the nucleys i 
directly proportional to the number of nucleons 
(mass number) constituting nucleus. 


If R is the radius of the nucleus having mass number A, then 


4 eR? “A => Re Al? 
2 


= (mA) 


where, Ry = 1.2 x 107" m is the range of nuclear size. 


It is also known as nuclear unit radius. 


Owing to the small size of the nucleus, fermi (fm) is found 
to be a convenient unit of length in nuclear physics, 


It is given as, 
1 fermi (fm) =107'? m 


EXAMPLE |2| Obtain the approximate value of the 
radius of a nucleus ,,U***. Take, R, is1.2x10- m. 


Sol. Given, A = 238, R, = 1.2x10" m 
As, R= RA" = 1.2x107(238)'”3 
R=7437 x10" m 


Nuclear Density 


Density of nuclear matter is the ratio of mass of nucleus and 
its volume. 


If m is the average mass of a nucleon and A is the mass 
number of element, then the mass of nucleus = mA. If R is 
the nuclear radius, then 


volume of nucleus = í TR? = í T(R AM) = =n RA 


; Mass of nucleus 
As, density of nuclear matter = “SS Of nucteus _ 
Volume of nucleus 


Thus, the density of nucleus is a constant, independent of 
A, for all nuclei. Different nuclei are like drop of liquid of 
constant density. The density of nuclear matter is 
approximately 2.3 x 10!” kg/m?. This density is very large 
as compared to an ordinary matter. Bi 


yaclei 


MPLE |3| Given the mass of iro 
gih = 56, Find the nuclear density. 


çol Given, mass, m = 5585 u = 5585 x167 x107 kg 


n nucleus as 55.85u 
NCERT 


4 4 
Volume, VSR = Sm (RAM) = RS x A 
<. Nuclear density, p = = 


_ 3X55.85x1.67 x107 
22 
4x %(1.2x1075) x56 


= 229X10" kg/m? 


EXAMPLE |4| Supposing that protons and neutrons 
have equal masses. Calculate how many times nuclear 
matter is denser than water? Take, mass of a nucleon 
=167x10” kg and Ry =1.2x10m. 

Sol. Density of nucleus (of water), 


3m 3K 1.67 «1077 


ankè 


4x 


é 


? 
= x(1.2%1079)? 
7 
_7X3x1.67 x10" 
88 x 1.2x1.2x1.2 
= 2307 x10" kg/m? 
Density of water, p’ = 10° kg/m 
P _ 2.307 x10" 


’ 


p 10° 


MASS-ENERGY AND 
CLEAR BINDING ENERGY 


Mass-Energy 

instein showed that mass is another form of energy and 

Me can convert mass-energy into other forms of energy. 

instein’s mass-energy equivalence equation is E = mc? 

“here, E ig the energy, m is the mass and c is the velocity of 
tin vacuum (approximately equal to 3 x 108 m/s). 

whe 2388 of a particle measured in a frame of reference in 


d € particle is at rest is called its rest mass, usually 
Moted by mo. The rest mass-energy of a particle would be 


M e? a a 
ich is enormously large on account of large value 


= 2.307 x10" 


wh 
ofe, 


1S 
lis kinetic energy of the partide, then its total energy, 


‘ = Test mass-energy + KE = mye? +] 

ete, a ; ; : as 

bia” ™ As called effective mass of the particle, when it is 
'Ng. Clear yY m> my. 
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The conservation law of energy states that the initial energy 


and final energy are equal, provided the energy associated 
with mass is also included. 


Nuclear Binding Energy 


The sum of the masses of neutrons and protons forming a 
nucleus is more than the actual mass of the nucleus. This 
difference of masses is known as mass defect. 

If a certain number of neutrons and protons are brought 
together to form a nucleus of a certain charge and mass, an 
energy E, will be released in the process. The energy E, is 
called the binding energy of the nucleus. 


Thus, the binding energy ofa nucleus may be defined as the 
energy equivalent to the mass defect of the nucleus. 

IF we separate a nucleus into its nucleons, we would have to 
supply a total energy equal to £ 4» to those particles from 
Einstein equation, 


E = Amc? [Am = mass defect] 
E, =([Zm,+(A -Z)m, -M)c? 


where, M is mass of nucleus, m 7 is the m 


ass of proton and 
m, isthe mass of neutron, 


. y) 
The mass defect reappears as equivalent energy (Am)c?, 
which is liberated during the formation of nucleus. 
Conversely, an amount Ame? of external energy is required 
to break the nucleus into protons and neutrons, This energy 
is called binding energy. 
“The binding energy of a nucleus is defined as the 


minimum energy required to separate its nucleons and 
place them at rest and infinite distance apart”. 


Average Binding Energy Per 
Nucleon of a Nucleus 


It is the average energy spend to remove a nucleon from the 
nucleus to infinite distance. It is given by total binding 
energy divided by the mass number of the nucleus. 


Binding energy per nucleon 
Total binding energy 
eo St 
Number of nucleons (A) 
E, 
or Ep = T 
EXAMPLE |5| A given coin has a mass of 3.0 g. 
Calculate the nuclear energy that vould be required to 
separate all the neutrons and protons from each gato 
simplicity assume that the coin is entirely made of 29 CU 
atoms (of mass 62.92960 u). NCERT 
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1OOMo 1271 


Sol. Given.mass of coin = 3g 
Atomic mass of Cu = 63 
Mass of Cu, m = 6292960 u 


Avogadro's number = 6.023x 10” 
Mass of proton, m, = 1.007825 u 
Mass of neutron, m, = 1.008665 u 


Nuclear energy required to separate neutrons and 
protons, E, =? 


Since, each atom of copper contains 29 protons and 34 
neutrons. Therefore, mass defect of each atom using the 
relation, 

Am=[Zm, +(A-Z)m,]- M 

Am = [29x 1.007825 + 34x 1.008665] — 6292960 


Binding energy per nucleon (MeV) (Epn) 


Mass number (A) —— 


Binding energy per nucleon as a function of mass number 


= 0.591935 u 
23 . tures of the plot 
Number of atoms in 3 g coin „6023x 10 x3 The following are the featur l p = ; 
63 (i) Average BE/nucleon for lighter nuclei; like ,H , ,H*, 
= 2.868x 10” 3. 
H” is small. 
Total mass defect of all atoms, l 


(ii) For mass numbers ranging from 2 to 20, there are 
sharply defined peaks corresponding to „He* i, 
30", etc. The peaks indicate that these nuclei are 
relatively more stable than the other nuclei in their 
neighbourhood. 

(iii) The BE curve has a broad maximum peak in the 
range A=30 to A=120, which is practically 


constant corresponding to average binding energy 


(Am) = 0.591935 X 2.868 x 10” = 1.6977 10” 


The nuclear energy required (E, ) to separate all the 
neutrons and protons from each other and can be 
calculated by using the relation, 


E, =(Am) xc? =(Am) c?x 931MeV/c? 
[1 u=931MeV] 
=1.6977X 10” x 931 MeV = 1.58x 10” MeV; 


EXAMPLE [6| Find the binding energy per nucleon of 
op Ca“? nucleus. Given, m (5)Ca*°) = 39.962589 u, 
m, = 1.008665 u and m, = 1.007825 u. 

Take, 1 amu = 931 MeV/c’. 

SoL Ina nucleus of „Ca“, 
Number of protons = 20 
Number of neutrons = 40 — 20 = 20 
Total mass of 20 protons and 20 neutrons 
= 20m, + 20 m, = 20(m, +m,) 
= 20 (1.007825 + 1.008665) 
= 40.3298 u 


per nucleon is 8.8 MeV per nucleon for 4, Fe”, 


(iv) As, the mass number increases, the BE/nucleon 
decreases gradually falling to about 7.6 MeV per 
nucleon for 5,U***. The decrease may be due to 
Coulomb repulsion between the protons. The heavy 
nuclei are therefore, relatively less stable. 


Conclusions 
Following conclusions are obtained from the graph 


(i) A very heavy nucleus A=240 has lower Epa 
compared to that of a nucleus with A = 120. Thus, if 


Mass defect, Am = 40.3298 — 39.962589 = 0.367211 u 


Total binding energy = 0.367211 x 931 = 341.873441 MeV 


341873441 
E, per nucleon, Ep, = BE i 


= 8547 MeV/nucleon 


a nucleus A= 240 breaks into two A = 120 nuclei, 
nucleons get more tightly bound. Energy would be 
released in this process (nuclear fission). 

(ii) When two light nuclei (A < 10) join to form a heavier 
nucleus, £p, of fused heavier nuclei is more than the 
E,,, of lighter nuclei. Energy would be released in this 


Binding Energy Curve 
It is a plot of the binding energy per nucleon Epy versus the 
mass number A for a large number of nuclei. 


process (nuclear fusion). 


Note This topic has been frequently a i j 
sked 2014, 
2013.2012, 2011. 2010," ee yoa 


vd 


CLEAR STABILITY 


calif of a nucleus is determined by the value of its 
ie energy pet nucleon. Higher the binding energy of 
“Jon, more stable is the nucleus. The stability of nucleus 
; ‘0 determined by its neutron to proton ratio. A plot of 
el of neutrons and number of protons is showr in the 
Be below. The solid line shows the nuclei with equal 
pber of protons and neutrons. Only light nuclei are on 
«fine, ie. they are stable, if they contain approximately 
m number of protons and neutrons, 


90 j nan 
80 ", fae 


Number of neutrons (N) 
oi 
oO 


010 20 30 40 50 60 70 80,90 
Number of protons (2) ——> 


Graphical representation of number of 
neutrons versus number of protons 


Heavy nuclei are stable only when they have more neutrons 
protons, 


t long narrow region shown in the figure, which 


Was the cluster of short lines representing stable nuclei 
“erred to as the valley of stability. 

imental study shows that the more stable nuclei 
even number of protons or neutrons or both. 


NUCLEAR FORCE 


by 


t 


M bindi verage 
nding energy curve, we have seen chat for averag 


nuclei, q indi per nucleon 1$ 

Pty: ee the binding energy 

eh et, wih i a ag a maden 
aergy i , for bindi 

i e ee: ive force of a totally 


eer 
“Teeny ki ere must be a strong attract 
nd, 


i 
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The force must be strong enough to overcome the repulsion 
between protons and to bind both protons and neutrons 
into tiny nuclear volume. The constancy of binding energy 
per nucleon is a consequence of the fact that nuclear force is 
short-ranged. 


From the plot, it is concluded that potential energy is 
minimum at a distance rọ (= 0.8 fm) which means, the force 
is attractive for distances larger than 0.8 fm and repulsive 
for the distances less than 0.8 fm between nucleons. 


Potential energy (MeV) 


r (fm) 
Graphical representation of potential energy versus 
distance for a pair of nucleon. For a distance greater 
than n, the force is attractive and for distances less 
than r, the force is strongly repulsive 


Some of the important characteristics of these forces are as 
given below: 

(i) Nuclear forces among a pait of neutrons, a pair of 
protons and also between a neutron-proton pair, is 
approximately the same. This shows that nuclear 
forces are independent of charge. 

(ii) The nuclear forces are very short range forces. They are 
operative upto distances of the order of a few fermi. 

(iii) The nuclear force is much stronger than the coulomb 
force acting between charges or gravitational forces 
between masses. 

(iv) Nuclear force between two nucleons falls rapidly to 
zero as their distance is more than a few femtometres 
(fm). This leads to saturation of forces in a medium 
or large sized nucleus, ie. each nucleon interacts with 
its immediate neighbours only, rather than with all 
the other nucleons in the nucleus. 

(v) The nuclear forces are dependent on spin or angular 
momentum of nuclei. 

Note Nuclear forces are the strongest attractive forces between 


nucleons. It is non-conservative force and does not obey inverse 
square law. It is non-central force also. 
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| TOPIC PRACTICE 1 | 


OBJECTIVE Type Questions 


i 


Atomic mass unit (1 u) is 
(a) 1/12 of mass of '?C atom 
(b) 1/14 of mass of 'C atom 
(c) 1A2 of mass of '*C atom 
(d) 1/6 of mass of '*C atom 


Ratio of radius of an atom to the radius of its 
nucleus is around 

(a) 107 (b) 104 

(c) 10” (d) 10" 

The number of neutrons in a ,,Po”* nucleus is 
(a)84  (b)218 (c) 222 (d) 134 


As compared to ?C atom, C atom has 
(a) two extra protons and two extra electrons 
(b) two extra protons but no extra electrons 
(c) two extra neutrons and no extra electrons 
(d) two extra neutrons and two extra electrons 


. Density of a nucleus is 


(a) more for lighter elements and less for heavier 
elements 

(b) more for heavier elements and less for lighter 
elements 

(c) very less compared to ordinary matter 

(d) a constant 


Energy equivalent of 2 g of a substance is 
(a)18x10" mJ (b) 18x10"? J 
(c)9x10” mJ (d) 9x10" J 


Given, m (35Fe)= 55.934939 u and m (299 Bi) 
= 208.980388 u 

Moproton = 1.007825 u, Mneutron = 1.008665 u. 
Then, BE per nucleon of Fe 

(a) 8.790 MeV (b) 7.75 MeV 

(c) 7.5 MeV (d) Data insufficient 


Nature of nuclear force is 
(a) electrical 

(b) magnetic 

(c) gravitational 

(d) None of the above 


The gravitational force between a H-atom and 


another particle of mass m will be given by 


Newton’s law F= G a where r is in km. 
r NCERT Exemplar 


10. 


11. 


12. 


13. 


14. 


15. 


16. 
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(a) Gravitational mass of H-atom 
(b) Effective mass of H-atom 

(c) Nuclear mass of H-atom 

(d) Mass of electrons in H-atom 


Heavy stable nuclei have more neutrons than 
protons. This is because of the fact that 
NCERT Exemplar 

(a) neutrons are heavier than protons 
(b) electrostatic force between protons are repulsive 
(c) neutrons decay into protons through beta decay 
(d) nuclear forces between neutrons are weaker than 

that between protons 


VERY SHORT ANSWER Type Questions 


Select the pairs of isotopes and isotones from 
the following nuclei. 
22 24 yee. 23 

Mg, — Na, 
1 N@ > a S i N* 
Two nuclei have different number of protons 


and different number of neutrons. Can they 
have the same radii and same nuclear density? 


Na. 
(0) 


The isotope !$0 has 8 protons, 8 neutrons and 
8 electrons, while $ Be has 4 protons, 4 neutrons 
and 4 electrons. Yet the ratio of their atomic 
masses is not exactly 2. Why? 
2Heand }Henuclei have the same mass number. 
Do they have same binding energy? 

NCERT Exemplar 


Why do stable nuclei never have more protons 
than neutrons? NCERT Exemplar 


Which property of nuclear forces is responsible 
for constancy of E, per nucleon? Comment. 


SHORT ANSWER Type Questions 


17. 


18. 


19, 


From the relation R = R,A"3, where Risa 


constant and Ais the mass number of a nucleus, 
show that the nuclear matter density is nearly 
constant (i.e. independent of A). NCERT 


Check whether the 
incorrect, if incorre 
explaination. 


The order of magnitude of density of nuclear 
matter is 104kg/m3, 


given statement is correct or 
ct then correct it with proper 


The mass of a nucleus is less than the sum of 


the masses of constituent neutrons and 
Protons, Comment. 


Nuclei 


20. If both the numbers of protons and neutrons 
are conserved in a nuclear reaction like 


CP +C — Ne”? +,He4 
In what way is the mass converted into energy? 
Explain. Delhi 2010 


Draw a plot of potential energy between a pair 
of nucleons as a function of their separation. 
¿Mark the regions where potential energy is 


(i) positive and (ii) negative. Delhi 2013 
12. Explain the processes of nuclear fission and 
nuclear fusion by using the plot of binding 
energy per nucleon (BE/4A) versus the mass 
number A. CBSE 2018 


11 


D 


Proton and neutron exist together in an 
extremely small space within the nucleus. How is 
this possible, when protons repel each other? 


24. Why heavy stable nucleus must contain more 
neutrons than protons? 


LONG ANSWER Type I Questions 


25. (i) Write three characteristic properties of 
nuclear force. 
(ii) Draw a plot of potential energy of a pair of 
nucleons as a function of their separation. 
Write two important conclusions that can be 
drawn from the graph. Delhi 2015 


26. Answer the following. 


(i) Why is the binding energy per nucleon 
found to be constant for nuclei in the range 
of mass number (A) lying between 30 and 
170? 

(ii) When a heavy nucleus with mass number 
A = 240 breaks into two nuclei, A = 120, energy 
is released in the process. Foreign 2012 


In the study of Geiger-Marsdon experiment on 
Scattering of a-particles by a thin foil of gold, 
draw the trajectory of a-particles in the Coulomb 
field of target nucleus. Explain briefly how one 
Bets the information on the size of the nucleus 
from this study. From the relation R = RA”; 


Where Ry is constant and Ais the mass number 


27. 


of the nucleus, show that nuclear matter density 
m 1S independent of A. All India 2015 
* Nuclei with ma 


gic number of protons 

Z =2,8, 20, 28, 50, 52 and magic number of 
neutrons N = 2, 8, 20, 28, 50, 82 and 126 are 
found to be very stable. 
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(i) Verify this by calculating the proton 
separation energy S, for '™°Sn (Z= 50)and 
121Sb (Z = 51). The proton separation energy 
for a nuclide is the minimum energy 
required to separate the least tightly bound 
proton from a nucleus of that nuclide. It is 
given by 

Sp =(Mz-in + My - Mzy) p 
Given, "° In=118.9058 u, °Sn = 119.902199 u 
"Sb = 120.903824 u, 
'H= 1.0078252 u 

(ii) What does the existence of magic number 

indicate? NCERT Exemplar 


29.. Deuteron is a bound state of a neutron 
and a proton with a binding energy B = 22 MeV. 
A y-ray of energy E is aimed at a deuteron 
nucleus to try to break it into a (neutron + 
proton) such that the n and p move in the 
direction of the incident y-ray. If E = B, show 
that this cannot happen. Hence, calculate how 
much bigger than B must be E be for such a 
process to happen? NCERT Exemplar 


NUMERICAL PROBLEMS 


30. Obtain approximately the ratio of the nuclear 
radii of the gold isotope '3 Au and the silver 
isotope '% Ag. NCERT 


31. Calculate the energy equivalent of 2 g of 
substance. 


32. Calculate the energy in fusion reaction 
tH +7H— > $He+n, where BE of 7H = 223 MeV 
and of $He= 7.73 MeV. Delhi 2016 
33. Determine the nuclear radii of 
(i) 3Co 
(ii) 73’ Au. 


34 


° 


A heavy nucleus X of mass number 240 and 
binding energy per nucleon 7.6 MeV is splitted, 
into two fragments Y and Z of mass numbers 110 
and130. The binding energy of nucleons inY and 
Z is 8.5 MeV per nucleon. Calculate the energy 
released per fission in MeV. Delhi 2010 


35 


Obtain the binding energy (in MeV) of a 
nitrogen nucleus (}‘N), given 


m (4N) = 14.00307u. NCERT 


SO8 


36, 


37. 


38. 


39. 


4i. 


The neutron separation energy is defined as the 
energy required to remove a neutron from the 
nucleus, Obtain the neutron separation 


energies of the nuclei 3}Ca and 7/ Al from the 
following data : 

m(3$Ca) = 39.962591 u 

m(3Ca) = 40.962278 u 

m(is Al) = 25.986895 u 


m(7; Al) = 26.981541 u NCERT 


A nuclide 1 is said to be the mirror isobar of 
nuclide 2, if Z, =N, and Z, = N}. 
(i) What nuclide is a mirror isobar of 23Na? 
(ii) Which nuclide out of the two mirror isobars 
have greater binding energy and why? 
NCERT 
(i) Two stable isotopes of lithium $Li and }Li 
have respective abundances of 7.5% and 
92.5%. These isotopes have masses 6.01512 u 


and 7.01600 u respectively. Find the atomic 
mass of lithium. 


(ii) Boron has two stable isotopes }°B and !'B. 


Their respective masses are 10.01294% and 
11.00931 u, and the atomic mass of boron is 
10.811 u. Find the abundances of !°B and B. 


NCERT 
In a periodic table, the average atomic mass of 
magnesium is given as 24.312 u. The average 


value is based on their relative natural 
abundance on the earth. 


The three isotopes and their masses are 

i2 Mg (23.98504 u), 3? Mg (24.98584 u) and 

iz Mg(25.98259 u). The natural abundance of 

iz Mg is 78.99% by mass. Calculate the _ 
abundances of other two isotopes. NCERT 
The three stable isotopes of neon ?Ne , Ne 


and Ne have respective abundances of 90.51%, 


0.27% and 9.22%. The atomic masses of three 
isotopes are 19.99 u, 20.99 u and 21.99 u, 
respectively. Obtain the average atomic mass of 
neon. NCERT 


(i) What is the nuclear density of 2°Th ? 


(ii) Is the nuclear density of an a-particle ({He) 


to be greater than, less than or equal to 
so Th ? Explain. 
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(iti) Determine the nuclear density of an 
a-particle. NCERT 


42. Obtain the binding energy of the nuclei 3? Fe and 
209Bi in units of MeV from the following data; 
m (GeFe) = 55.934939 u 


m (299Bi) = 208.980388 u N 


__| HINTS AND SOLUTIONS 


1. (a) Atomic miss unit (1 u) is defined as 


mass of C atom 
ğ 12 


2. (b) Radius of atom = 10°" 


Radius of nucleus = 107" 
Radius ofatom 10" | io! 


Lu 


Radius of nucleus 107 | 
3. (d) Given, ,,Po*" 
Here, Z = 84, A= 218 A=Z+N 
N = A-Z = 218-84 =134 
4. (c) For °C A=12=N+Z,Z=6 = N=6 
For ¢C; A=14=N+Z,Z=6 > N=8 
Also, number of electrons in both atoms 
= number of protons = Z =6 


5. (d) Density = ate =- mA 
Volume STRA 


= saui m=mp = My 
Ark, 
= 23x10" kgm™, which is a constant. 
6. (b) Energy, E = 2x107 x(3x10°)" J 
E = 2x10? x9x10" 
=18x10' J 
Thus, if one gram of matter is converted to energy, there 
is a release of enormous amount of energy. 
7. (a) a Fe nucleus has 26 protons and 30 neutrons. 


“. Mass defect = (26m, +30 m,)- mC? Fe) 


= 56.46340 - 55.934939 = 0.528461 amu 
Total BE = 0.528461 x 931.5 = 492.26 MeV 
“^ Binding energy per nucleon 


enc 8.790 MeV 
6 E 


8. (d) Nuclear force is an ex 
under electrical, 
category. 


change force, it does not come 
gravitational or magnetic force 


Nuclei 


GMm 
r? 


9. (b) Given, F = 


M = effective mass of hydrogen atom 
G = gravitational constant 
and r= distance between H-atom and particle of mass m 


10. (b) Stable heavy nuclei have more neutrons than 
protons. This is because electrostatic force between 
protons is repulsive , which may reduce stability. 
Isotopes = 7; Na, fi Na 


Il. 


—- 


(both have same atomic number, i.e. 11) 
Isotones = ;'Na, o Na 
(both have same number of neutrons, i.e. 13) 

12. Since, radius of nucleus (i.e.R = R,A"”) is proportional 
to the cube root of its mass number, hence nuclei will 
have same radii, if their mass numbers are same. But 


nuclear density is independent on mass number. It 
remains constant for all nuclei, i.e. 23 x10" kg/m’, 


13, It is because of the fact that the mass of a nucleus is 
slightly less than the mass of it's constituent nucleons, 
This decrease in mass is called mass defect. Since, the 
mass defect in case of {°O is not exactly twice the mass 


defect in case of } Be, so the ratio of the atomic masses is 
not exactly. 


14. Since, the repulsive force between protons is missing in 
i He, so the binding energy of } He is greater than that 
of }He. 

15, 


Because the protons are positively charged, so they 
repel each other. Since, this repulsion force is more, so 


that an excess of neutrons are required to reduce this 
repulsion. 


16. 


Nuclear forces are saturated in character. This property 
makes E, per nucleon constant for most of the nuclei. 


Refer to text on page 502. 
Given statement is incorrect because the order of 


magnitude of density of nuclear matter is the order of 
10” kg/m’. 


17, 
18. 


19, 


When nucleons approach each other to form a nucleus, 
they strongly attract each other. Their potential energy 
decreases and becomes negative. It is the potential 
energy which holds the nucleons together in the 
Nucleus. The decrease in PE results in the mass of 
nucleons inside the nucleons. 


20, 


The sum of masses of nuclei of product element is less 
than sum of masses of reactants and hence, loss of mass 
takes place during the reaction. This difference of mass 
of product element and reactant converts into energy 
and liberated in the form of heat. 


Here, sum of masses of ,,Ne” and „He“ is less than the 
Sum of two ,C”’ and conversion of this mass defect is 
Used to produce energy. 


509 


21. The graph between the potential energy of a pair of 
nucleons as a function of their separation is given below 


— PE (MeV) . 


(i) For distance less than 0.8 fm, negative PE decreases to 
zero and then becomes positive. 


(ii) For distances larger than 0.8 fm, negative PE goes on 
decreasing. 


22. From the given plot, we can conclude that, 
a very heavy nucleus A = 240 has lower E,„ compared to 
that of a nucleus with A = 120. Thus, if a nucleus A= 240 
breaks into two.A =120nuclei, nucleons get more 


tightly bound. Energy would be released in this process 
which is known as nuclear fission. 


(Epa) 
So 


ARERRRSEEE 


ol TT TT TL Ld 
0 100 150 


0 5 


Binding energy per nucleon (MeV) 
MP 


Mass number (A) — 


Binding energy per nucleon as a function 
of mass number 


Also, when two light nuclei (A <10) join to form a 
heavier nucleus, E,, of fused heavier nuclei is more than 
the E,, of lighter nuclei. Energy would be released in 
this process, which is known as nuclear fusion. 

23. Refer to the text on page 505. 

24. Refer to the text on page 505. 

25. Refer to text on page 505. 

26. (i) The binding energy per nucleon for nucleus of range, 
30< A<170 is close to its maximum value. So, the 
nucleus belongs to this region is highly stable and does 
not show radioactivity. a 

ii) Binding energy per nucleon is smaller for heavier 

i nuclei tha the middle ones, i.e, heavier nuclei are less 
stable. When a heavier nucleus such as nucleus of 
mass number 240 splits into lighter nuclei (mass 
number 120), the BE/nucleon changes from about 
7.6 MeV to 8.4 MeV. Greater BE of the product nuclei 
result in the liberation of energy. 
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27. Trajectory of a-particles in the coulomb field of target 
nucleus is shown below: 


Incident 4 ———e rl @ Atomic 
i ! nucleus 
! 
I 
t 


From this experiment, the following points are 
observed. 

(i) Most of the a-particles pass straight through the gold 
foil. It means that they do not suffer any collision with 
gold atoms. 

(ii) About one a-particle in every 8000 -particles 
deflects by more than 90°. As most of the a-particles 
go undeflected and only a few get deflected, this 
shows that most of the space in an atom is empty and 
at the centre of the atom, there exists a nucleus. By 
the number of a-particles get deflected, the 
information regarding size of the nucleus can be 
known. 

Refer to text on page 502. 


28. (i) The proton separation energy is given by 
S, (Sn) = (Miro, 20 + My — Mizo, w)? 


= (118.9058 + 1.0078252— 119,902199) c? 
= 0.0114262c* 
Similarly, S, (sb) =(Miz, 7 + My — Min, 20) c? 
= (119.902199 +1.0078252 —120.903822) c? 


= 0.006202 c? 
Since, S, (sm > S, (sp Sn nucleus is more stable than 
Sb nucleus. 

(ii) The existence of magic numbers indicates that the 
Shell structure of nucleus is similar to the shell 
structure of an atom. This also explains the peaks in 
binding energy/nucleon curve. 

29. Apply conservation of energy as well as conservation of 
momentum. 

Given, binding energy, B= 2.2 MeV 

From the energy conservation law, 


Pa, Pp 
E.- B=K, +K, =% 4 „(i 
PO P 2m 2m i) 
From conservation of momentum, 
E m 
Pat Pp = a ..{ii) 


As, et B=: B 


30. 


31. 


32. 


33. 
34. 
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Eq. (i) becomes, pa + pp =0 
It only happen, if p, = Pp = 
So, the Eq.(ii) cannot be satisfied and the process cannot 


take place. 
Let E = B + X, where X << B for the process to take place. 


Put the value of p, from Eq. (ii) in Eq. (i), we get 


E-o) 

P P Pes 

2m 2m 

2 

p> aEP rile 2mxX =0 
c 


=> X= 


Using the formula of quadratic equation, we get 


c c 
ve 4 
For the real value p,, the determinant is positive 
2 2 4E? 
Ey (E - amx 16m - = 
c c C 
Beg eB 


[-.X << B= E=B] 


4me> 4mc? 
Radius of nuclei, R = R,A’* 


where, A is the mass number of nucleus and R, is an 
empirical constant. 


R ‘Ge AMS 

Rootd A ii 197)" 
“se [= = (z) = 1,225 = 1.23 
River \Asitver 107 


Given, m = 2g = 2x10° kg 
According to mass-energy equivalence equation, 
E =mc*= 2x10° x(3x10°)? 

= 18x10%=1.8x10"J 

According to question, 
H+ H> 3He+ gn! 
“ Energy of fusion = Binding energy of ?He 
' - 2x Binding energy of {H 
= 7.73 — 2 X 2.23 = 3.27 MeV 

Refer to the Example 2 on page 502. 


In these type of questions, we have to keep in mind 
about the difference of mass involved between output 
and input. Energy will be involved accordingly. 
Energy released per fission 

= (110+ 130) x 8.5 MeV = 240 x 7.6 MeV 

= 240x (8.5 — 7.6) MeV 

= 240x 0.9 = 216 MeV 


Nuclei 


35. Mass of proton, m, = 1.00783 u 


Mass of neutron, m, = 1.00867 u 
In ‘N, there are 7 protons and 7 neutrons. 
. Mass defect, Am =(7m, +7m,)-—m 
= 7 X1,00783 +7 X 1.00867 —14.00307 = 0.11243 u 
Binding energy of nitrogen nucleus = Am x931MeV 
= 0.11243 x 931MeV = 104.67 MeV 
36. (i) When a neutron is separated from },Ca, we are left 
with $% Ca and the reaction becomes 
Ca — pCa + gn! 
Mass defect, 
Am = m (Ca) + m( gn!) — m( Ca) 
= 39962591 + 1.008665 — 40.962278 
= 0.008978 u 
Energy for separation of neutron = Am X 931 
= 0.008978 x 931 
= 8.358 MeV 
(i) When a neutron is separated from jj Al, we are left 
with ;7 AL Thus, the reaction becomes 
is Al — jg Al + gn 
Mass defect, Am = m (24 Al) + m(gn') — m( BAI) 
= 25.986895 + 1.008665 - 26.981541 
= 0.014019 
. Energy for separation of neutron 
= Am X 931 = 0.014019 x 931 
= 13.06 MeV 
37, (i) According to the question, a nuclide 1 is said to be 
mirror isobar of nuclide 2, if Z, = N, and Z, =N,. 
Now, in f Na, Z, =11, N, =23-11=12 
«Mirror isobar of 7? Na is {7 Mg, for which 
Z,=12 = N, and N, =23-12=11=2Z, 

(ii) As, 7?Mg contains even number of protons (12) 
against # Na which has odd number of protons (11), 
therefore Mg has greater binding energy than 
S Na. 

38. (i) Atomic mass of Li = Weighted average of the isotopes 
_7.5X 6.01512+ 92.5x 7.01600 
7 75+ 92.5 
_ 451134 + 64898 
7 100 

(ii) Suppose x and y are the abundances of ;°B and ,'B, 
respectively. 

Atomic mass of boron 


= 694 u 


= Weighted average of the isotopes 
_ XX1001294 + y X11.00931 
100 


Sil 


x X10.01294 + (100-— x) x11.00931 
100 
[y =( 100-x)] 
=> 10811 =1001294x + 1100931 —11.00931x 
= 099637 x = 19831 = x =19.90 
y =(100—- x)= 80.1 
So, abundance percent }° B = 19.90% 


=> 10811 = 


Abundance percent of !'B = 80.1% 
39. Given, atomic mass of Mg= 24.312 u 
Mass of 7) Mg= 23.98504 u 
Mass of 7)Mg= 24.98584 u 
Mass of 7° Mg= 25.98259 u 
Abundance of }) Mg = 78.99% 
Let the abundance of 7? Mg be x %. 
The abundance of js Mg= 100-—78.99— x = (21.01—x)% 


Atomic mass = Weight average of masses 
_ Abundance of the isotopes 
Total abundance 


78.99 X23.98504 + x X 24.98548 
+ (21.01 — x) X25.98259 


100 


=> 24.312= 


> x = 9.303% 
So, the abundance of ,, Mg” is 9.303% and the abundance 
of Mg” is 11,71%. 


40. Given, abundance per cent of Ne” = 90.51% 
Abundance per cent of Ne”! = 0.27% 
Abundance per cent of Ne” = 9.22% 

Mass of Ne” =19.99 u 


Mass of Ne”! = 20.99 u 
Mass of Ne” = 21.99 u 


Average atomic mass, m = Weighted average of all 
isotopes 
_ 90.51 19.99 + 0.27 X 20.99 + 9.22 x 21.99 
p 90.51 +0.27 +9.22 
1809.29 + 5.67 + 202.75 _ 2017.71 
j 100 
41. (i) We know that, 
3m 3x 1.6X 10" kg 


=e 


anki E 4x 3.14x (1.2x 10}? 
= 23x 10" kg/m’ 
(ii) Nuclear density (p) is independent on mass number, 
hence nuclear density of a-particle ($ He) and thorium 
(2° Th) is equal to each other. 


(iii) For a-particle, also nuclear density is equal to 
23x 10" kg/m’, as explained earlier. 


= 20.18 
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42. Given, mM, =1.00783 u, m, =1,00867 u 


(i) For 3 Fe, there are 26 protons and (56— 26) = 30 
neutrons. 
Am = mass of nucleons — mass of nucleus 
= 26m, + 30m, -m 
= 26 X 1.00783 + 30 1.00867 — 55.934939 
= 0.528741 u 
Total binding energy = Am x931 MeV 
= 0528741 x 931 = 49226 MeV 
Binding energy per nucleon 
Binding energy 
~ Number of nucleons 
_ 49226 
~ 56 


= 8790 MeV 


TOPIC 2| 
Nuclear Energy 


NUCLEAR ENERGY 


Nuclear energy is the energy released during “the 
transformation of nuclei with less total binding energy to 
nuclei with greater binding energy. 
Two distinct ways of obtaining energy from nucleus are as 
follows: 

1. Nuclear fission 2. Nuclear fusion 


Nuclear Fission 

Nuclear fission is the phenomenon of splitting of a heavy 
nucleus (usually A > 230) into two or more lighter nuclei by 
the bombardment of proton, neutron, @-particle, etc. 
Energies associated with nuclear processes are about a 
million times larger than chemical process. 

In fission, a heavy nucleus like 53° U breaks into two smaller 


fragments by the bombardment of thermal neutron (low 
energy or slow moving). 


1 141 92 l 
e.g. > U+ pn —> 56 Bat 3,Kr+39n +Q 


(Energy released) 


Q-value here refer to the energy released in the nuclear process, 
which can be determined using Einstein's mass - energy 
relation, £ = mc*. The Q-value is equal to the difference of 
mass of products and reactants multiplied by square of velocity 
of light. Energy released per fission of 52 U is 200.4 MeV. 


The fragment nuclei produced in fission are highly unstable. 
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(ii) For jy’ Bi there are 83 protons and (209-83) = 19¢ 


neutrons. 
Am = mass of nucleons — mass of nucleus 


= 83m, + 126m,—-m 
Am = 83 X 1.00783 +126 X 1.00867 — 208.980388 
= 1.761922 u 
Binding energy = Am x 931 MeV 
= 1.761922 x931 
= 1640.35 MeV 
Binding energy per nucleon 
-' Binding energy 
~ Number of nucleons 
_ 164035 


= 7848 MeV 


Thus, binding energy per nucleon of Fe is more 
than Bi. 


They are highly radioactive and emit B-particles in 
succession until each reaches to a stable end product. 


Nuclear Chain Reaction 


In the nuclear fission reaction, there is a release of extra 
neutrons. The extra neutrons in turn initiate fission process, 
producing still more neutrons and so on. Thus, a chain of 
nuclear fission is set up called nuclear chain reaction. The 
chain reactions may be of two types: 


Uncontrolled Chain Reaction During fission reaction, 
neutrons released are again absorbed by the fissile isotopes, 
the cycle repeats to give a chain reaction, i.e. self-sustaining 
and gives off energy at a rate that increases rapidly with time 
leading to large amount of radiation, This is called 
uncontrolled chain reaction, 


Controlled Chain Reaction If by some means, the reaction 
is controlled in such a way that only one of the neutrons 
emitted in a fission causes another fission, then the fission 
rate remains constant and the energy is released steadily. 
Such a chain reaction ts called a controlled chain reaction. It 
is used in a nuclear reactor. 

The sustained lissibility of nuclear chain reaction depends 
on the multiplication factor or reproduction factor K. 

K= Rate of production of neutrons 
Rate of loss of neutrons 
l, the operation of reactor is said to be critical. It is 


what we wish to be for steady power operation. 


If K = 


Nuclei 


f K>h the reaction rate and reactor power increases 

onentially. In this case, reaction is super-critical and can 
wen explode. If K < 1, the reaction gradually stops. And the 
condition is called sub-critical. 


Nuclear Reactor 


It is a device that can initiate a self-sustaining controlled 
chain reaction of a fissionable material. They are used at 
nuclear power plants for generating electricity and in 
propulsion of ships. 


Coolant Superheated steam 


Control rods 


Electric 
generator 


Steam 
turbine 


Heat 
exchanger 


Water 
condenser 


Fission Fuel 
chamber rods 
Moderator SENSES 
Pump | cold water , 
Nuclear reactor 
Construction 


The key components of nuclear reactor are as follows: 


(i) Nuclear fuel It is a material that can be burned by 
nuclear fission or fusion to derive nuclear energy. 
The common fuels used in nuclear-reactor are °” U, 
DU, Buyer, 

(ii) Nuclear reactor core It is the portion of a nuclear 
reactor containing the nuclear fuel components 
where the nuclear reaction takes place. 

(iii) Moderator It is a medium to slow down the fast 
moving secondary neutrons produced during the 
fission. Heavy water, graphite, deuterium, paraffins, 
etc., acts as moderator. 

(iv) Control rods It is used in nuclear reactors to control 
the rate of fission of uranium and plutonium. These 
are made of chemical elements capable of absorbing 
many neutrons without fissioning themselves such as 
silver, indium, boron and cadmium. 

(v) Coolant Ir is a liquid used to remove heat from 
nuclear reactor core and transfer it to electrical 
generator and environment. Ordinary water under 
high pressure is used as coolant. 


(vi) Shielding It is the protective covering made of 
concrete wall to protect from harmful radiations. 
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India’s Atomic Energy Programme 


The Atomic Energy Programme of our country was 
launched. around 1950 under the leadership of Homi 
J Bhabha (1909-1966). The major milestones achieved so 
far are as below: 
(i) First nuclear reactor named Apsara went critical on 
4 August, 1956. It used enriched uranium as fuel and 
water as moderator. 

(ii) Another reactor named Canada India Research US 
(CIRUS) became operative in 1960. It used natural 
uranium as fuel and heavy water as moderator. 

(iii) Indigenous design and construction of plutonium 
plant at Trombay. Ir ushered in the technology of 
fuel reprocessing. 

(iv) Research reactors like Zerlina, Purnima, Dhruva and 
Kamini were commissioned. The last one uses U-233 
as fuel. 

(v) The fast breeder reactors which use plutonium-239 as 
fuel do not need moderators. They can be used to 
produce fissile uranium-233 from thorium-232 and 
to build power reactors based on them. Considerable 
work has been done by our scientists in this direction 
at Kalpakkam nuclear plant. 

(vi) We have mastered the complex technologies of 
mineral exploration, mining, fuel fabrication, heavy 
water production, fuel reprocessing, etc. 


Nuclear Fusion 

Nuclear fusion is the phenomenon of fusing two or more 
lighter nuclei forming a single heavy nucleus.For fusion to 
take place, the two nuclei must come close enough so that, 
attractive short range nuclear force is able to affect them. 
Since both the nuclei are positively charged particles, so 
they experience Coulomb's repulsion. Therefore, they must 
have enough energy to overcome this Coulomb barrier. 


eg, H'+ H! —> H? + ye" +V+0.42 MeV 


H? + H? — He’ + gn! +3.27 MeV 

(H? + |H? — H? + ,H' +4.03 MeV 
Fusion of hydrogen nuclei into helium nuclei is the source 
of energy of most of the stars including the sun. 


Energy Generation in Stars 


Thermonuclear fusion is the source of energy output in the 
interior of stars. The interior of the sun has a temperature of 


15x 107K, which is considerably less than the estimated 
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temperature required for fusion of particles of average 
energy. Fusion in the sun involves protons whose energies 
are much above the average energy, i.e. protons which are in 
the high velocity fall of Maxwell-Boltzmann distribution. 

The fusion reaction in the sun is a multi-step process in 
which the hydrogen is fused into helium. The 


proton-proton (p,p) cycle by which this occurs is 
represented by the following sets of reactions: 


IHH > ?H+e*+v+0.42 MeV (i) 
ette — Y+y+1.02 MeV (ii) 
TH+ IH > 3He+7+549 MeV „(iii) 


3He+ 3He => {Het 'H+'H+ 12.86 MeV ...(iv) 


For the fourth reaction to occur, the first three reactions 
must occur twice, in case two light helium nuclei unite to 
form ordinary helium nucleus. If we consider the 
combination 2(i)+ 2(ii)+ 2(iii) + (iv), the net effect is 


4,;H+2¢7 > $He+ 2v + 6y +26.7 MeV 
or (4, H+4e7)—> ($He+ 2¢7) + 2v + 6Y + 26.7 MeV 


Thus, four hydrogen atoms combine to form }He atom 
with a release of 26.7 MeV of energy. 

As the hydrogen in the core gets depleted and becomes 
helium, the core starts to cool. The star begins to collapse 


under its own gravity, which increases the temperature of 
the core. 


The age of the sun is about 5 x 10° yr and itis estimated that 
there is enough hydrogen in the sun to keep it going for 
another 5 billion years. 


Nuclear Holocaust 

It is the name given to large scale destruction and 
devastation that would be caused by the use of nuclear 
weapons. 

During fission of a single nucleus of 4,U?, about 


0.9 x 235 MeV (= 200 MeV) energy is released in 107? s, If 


each nucleus of about 50 kg of °” U undergoes fission, then 
the total energy released is 4x 10°°J, This energy is 
equivalent to about 20000 tonnes of TNT. 


The first explosion occured on 6th August, 1945, when 
USA dropped an atom bomb on Hiroshima in Japan. This 
resulted in killing of 66000 persons, injured 69000 persons 
and 67% of the city structures smashed. 


The radioactive waste will hang like a cloud in the earth’s 
atmosphere. Ir will absorb the sun’s radiation and there may 
be a long nuclear winter. 
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Controlled Thermonuclear Fusion 


The essential condition for carrying out nuclear fusion isto 
raise the temperature of the material so that particles have 
enough energy due to their thermal motions alone and 
they can overcome the Coulomb barrier. This process js 
called thermonuclear fusion. 

The natural thermonuclear fusion in a star is replicated ina 
thermonuclear fusion device. The aim of controlled 
thermonuclear fusion is to generate the steady power by 
heating the nuclear fuel to a temperature in the range of 10 
8K, Ac these temperature, the fuel is a mixture of positive 
ions and electrons (plasma). 

The challenge is to confine this plasma, since no container 
can stand such a high temperature. Several countries 
around the world including india are developing 
techniques in this connection. If successful, fusion reactors 
will hopefully supply almost unlimited power to humanity. 


Distinction between Nuclear Fission 
and Nuclear Fusion 


(i) Fission is the splitting of large nucleus into two or 
more smaller ones, on the other hand, fusion is the 
combining of two or more lighter nuclei to form 
larger one. 


(ii) Fission does not normally occur in nature but fusion 
occurs in stars such as the sun. 


(iii) Fission requires critical mass of the substance and 
high speed neutrons but in fusion, high density and 
high temperature environment are required, 

(iv) In fission, energy released is million times greater 
than in chemical reactions, but lower than energy 
released by nuclear fusion. 

(v) Uranium is the primary fuel for fission reaction 


and hydrogen isotopes are the primary fuel in 
nuclear fusion reaction 


TOPIC PRACTICE 2| 


OBJECTIVE Type Questions 


Inan - Sinn 238 
Uclear reaction 92 U> 7 Th +$He, the value 
of Aand Z are 


(a) A= 234, Z =94 
(b) A= 238 Z =94 
(c) A= 234, Z =99 
(d) A =238 Z =99 


Nuclei 


2. For sustaining the chain reaction in a sample 


(of small size) of eu it is desirable to slow 
down fast neutrons by 

(a) friction 

(b) elastic damping/scattering 

(c) absorption 

(d) None of the above 


In a nuclear reactor , moderators slow down the 

neutrons which come out in a fission process. 

The moderator used have light nuclei. Heavy 

nuclei will not serve the purpose, because 

(a) they will break up NCERT Exemplar 

(b) elastic collision of neutrons with heavy nuclei will 
not slow them down 

(c) the net weight of the reactor would be unbearably 
high 

(d) substances with heavy nuclei do not occur in 
liquid or gaseous state at room temperature 


VERY SHORT ANSWER Type Questions 


4, 
5. 


7, 


8. 


What is nuclear holocaust? 


Four nuclei of an element undergo fusion to 
form a heavier nucleus, with release of energy. 
Which of the two-the parent or the daughter 
nucleus—would have higher binding energy per 
nucleon? CBSE 2018 


SHORT ANSWER Type Question 
6. 


An atomic power nuclear reactor can 

deliver 300 MW. The energy released due to 
fission of each nucleus of uranium atoms U?’ is 
170 MeV. What will be the number of uranium 
atoms fissioned per hour? 


LONG ANSWER Type II Question 


Suppose India had a target of producing by 
2020 AD, 200000 MW of electric power, 10% of 
which was to be obtained from nuclear power 
plants. Suppose we are given that, on an average, 
the efficiency of utilisation (ie. conversion to 
electric energy) of thermal energy produced in a 
reactor was 25%. How much amount of 
fissionable uranium would our country need per 
year by 2020? Take the heat energy per fission of 
Uto be about 200 MeV. NCERT 


NUMERICAL PROBLEMS 


Complete the following fission reaction and 
Calculate the amount of energy it releases. 


1 
oN + op U — Bsr+ 8E Xe+ (2) 


it 
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. Determine the energy released in the following 


10. 


12. 


13. 


14. 


fusion reaction. 


{H+7H —> $He+y 


Suppose we think of fission of a 52Fenucleus 
into two equal fragments, 7} Al Is the fission 
energetically possible? Argue by working out Q 
of the process. Given, m esd Fe)= 55.93494 u and 
m(j3 Al) = 27.98191 u. NCERT 


The sun is believed to be getting its energy from 
the fusion of four protons to form a helium 
nucleus and a pair of positrons. Calculate the 
release of energy per fusion in MeV. 

Mass of proton = 1.007825 amu, mass of 
positron = 0.000549 amu, mass of helium 
nucleus = 4.002603 amu. 


Take, 1 amu = 931.5 MeV. 


The fission properties of 3{°Pu are very similar 
to those of $z U. The average energy released 


per fission is 180 MeV. How much energy in 
MeV is released, if all the atoms in 1 kg of pure 
o4 Pu undergo fission? NCERT 


The Q-value of a nuclear reaction 

A+b—> C +d is defined by 

Q=[m, +m, -mç - m;lc?, where the masses 
refer to the respective nuclei. Determine from 
the given data, the Q-value of the following 
reactions and state whether the reactions are 
exothermic or endothermic. 


(i) |H+}H —> 7H+?H 

(ii) C+ gC — 9Ne+ iHe 

Atomic masses are given to be 
m(,H’) = 1.007825 u, mH) = 2.014102 u, 
m H)= 3.016049 u, m(2C)= 12.000000 u 


m(joNe) = 19.992439 u NCERT 


Find the Q-value and the kinetic energy of the 
emitted «particle in the a-decay of 
(i) #°Ra and (ii) 2°Rn. 


Given, m (%sRa) = 226.02540 u , 


~ m?2Rn)=222.01750 u ,m, = 4.00260 u 


m(eRn) = 220.01137u , 


216 D5) = 
m(‘gqPo) = 216.00189 u NCERT 
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15. 


16. 


17. 


18. 


1. 


How long can an electric lamp of 100 W be kept 
glowing by fusion of 2 kg of deuterium? Take 
the fusion reaction as CBSE SQP (Term-II) 


TH+?H —>$He+n + 3.27 MeV 


Calculate and compare the energy released by 
(i) fusion of 1 kg of hydrogen deep within 
sun and 


(ii) the fission of 1 kg of "U in a fission reactor. 
. ` NCERT 


Distinguish between nuclear fission and fusion. 
Show how in both these processes energy is 
released? 
Calculate the energy release in MeV in the 
deuterium-tritium fusion reaction. 

H+H —> $He+n 

Using the data, 

m(7H)= 2.014102 u, m @H)= 3.016049 u 


m(}He)= 4.002603 u, =m, =1.008665u 


1u=9315 MeV 
c 
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A1000 MW fission reactor consumes half of its 
fuel in 5 yr. How much 33°U did it contain 
initially? Assume that the reactor operates 80% 
of the time that all the energy generated arises 
from the fission of 23°U and that this nuclide is 


consumed only by the fission process. 
NCERT 
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(c) 3 U> f Th + He 
When aa-particle is emittted mass number decreases by 
4 and atomic number by 2. 


. (b) Fast neutrons are slowed down by elastic scattering 


with light nuclei. Each collision takes away nearly 50% 
of energy. 


. (b) According to the question, the moderator used have 


light nuclei (like proton). When protons undergo 
perfectly elastic collision with the neutron emitted, their 
velocities are exchanged, i.e., neutrons come to rest and 
protons move with the velocity of neutrons. 

Heavy nuclei will not serve the purpose because elastic 
collisions of neutrons with heavy nuclei will not slow 


them down. 


It is the name given to large scale destruction and 
devastation that would be caused by the uncontrolled 
release of large energy from the nuclear weapons. 
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5. According to question, 


zY” +0 


axe = 
(Daughter nucleus) 


(Parent nuclei) 
As the daughter nucleus is a heavier nucleus as 
parent nuclei, which are more stable than 


compared to 
a has more binding 


lighter nuclei, hence daughter nucleus 
energy per nucleon than parent nuclei. 


. As, we know that, 


energy — 390x 10°W = 3x 10° J/s 
time 


power = 


170 MeV = 170x 10° x 1.6x 10°” = 27.2x 10°" J 


Number of atoms fissioned per second 
3x 10° _ 3x 10” 
~ 27.2x10 27.2 
+. Number of atoms fissioned per hour 
3x10" x 3600 
n e OD 
eS 10% = 4 x10%m 
27.2 


7. Total target power = 200000= 2x10 MW 


Total nuclear power = 10% of total target power 
, 10 


Tis 2x10 = 2x10 MW 
Energy produced/fission = 200 MeV 

Efficiency of power plant = 25% 

Energy converted into electrical energy per fission 


25 
=— x 200= 50 MeV 
100 


=50x1.6x10" J 
Total electrical energy to be produced per year 
= 2x10" MW 
= 2x10" x10° = 2x10" W 
= 2x10'J/s 
= 2x10" x 60x 60x 24 x 365 J/yr 
Number of fission in one year, 
_ 2X10" x 60x 60x 24 x 365 
50x1.6x10°" 


n= BXS6%26%365 1 oa 


n 


Mass of 6.023 x10” atoms of U = 235 g 
= 235X10°kg 
Mass of 52°U required to produce 
_ 2X 36x 24 x 365 
8 
-235x10 x 2% 36x 24 x 365x10% 
6.023 x10"? x8 
= 3.08 x10‘kg 


. . 


x10" atoms 


Nuclei 


8. By conservation of charge and mass, given equation can 


be written as 

5 88 136 
intg U—> St h Xe +12,n+ Q (Energy) 
For amount of energy released, use 


Q = Am x 931 MeV 
9. Use Q = Am x 931 MeV 


Ans. 5.94 MeV 
10. The given reaction for decay process, 
Fe BA 
Mass defect, Am = m(7,Fe) — 2m(28 Al) 
= 5593494 — 2( 27.98191) 


= —0.02888 u 
=> Q = Am X931 = —0.02888 x 931 
= -2688728 MeV 


Because the energy is negative, so the fission is not 
. possible energetically. 


Il. |H+; H+} H+} H+—> $He+ 2°e+Q 
Initial mass = Mass of 4 hydrogen atoms 
= 4 X 1.007825 amu = 4.031300 amu 
Final mass = m(}He) + 2m(?e) 
= 4.002604 + 2 x 0.000549 
= 4.002604 + 0.001098 = 4.003702 amu 
Mass defect, 
Am = 4.031300 — 4.003702 = 0.027598 amu 
.. Energy released, 
Q = 0.027598 x 931 MeV = 25.7 MeV 
According to the concept of Avogadro number, 
The number of atoms in 239 g of 2)? Pu = 6.023 x10” 


12 


- 


Number of atoms in 1 kg of 2)? Pu 


_ 6.023x10 x 1000 


=:2:52X10" 
239 
The average energy released in one fission 
= 180 MeV 


So, total energy released in fission of 1 kg of 
s Pu =180x 252x10" 
= 453x10” MeV 
13, (i) The given reaction, 1'H+?H—> H+H 
Mass defect, Am= m (1H)+ m (; H)-2m ÈH) 
= 1.007825 + 3.016049 — 2(2.014102) 
=— 0.00433 u 
Q-value of the reaction, 
Q = Am x931 =— 0.00433 x931 


Q =-4.031 MeV 


As, the energy is negative, so the reaction is 
__ endothermic. 
(ii) The given reaction, 


12 
C+C "Nes tHe 


Mass defect, Am = 2 m(Ż? C)- m(?) Ne) — m(}He) 
= 2X12— 19.992439- 4.002603 
Am = 0.00495 u 
Q -value of the reaction, 
Q=Amx 931= 0,00495 x 931 
= 462 MeV 


Since, the energy is positive, thus the reaction is 
exothermic. 
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14. (i) The process of -decay of 22°Ra can be expressed as, 


226 222 4 
ggRa —> “g Rn +, He+ỌO 


Q-value of the reaction is given by 
= [m(726 Ra) —m(72? Rn) — m,] x 931 MeV 
= (226.02540 -222.01750 — 4.00260) x 931 
= 0.0053 x 931 = 4.93 MeV 


Kinetic energy of emitted a-particle computed using 


conservation of momentum 


-(4*)0 = (Fe) xaos 
A 226 


= 4.84 MeV 


(ii) The process of a-decay of ff Rn can be expressed as, 


eR —> *i¢Po +$He 
Q-value of the reaction, 
Q = [m(E Rn — (215 Po) - m,]x931 MeV 
= [220.01137 — 216.00189 — 4.00260] x 931 
Q =641 MeV 
. Kinetic energy of emitted a-particle 
Toa (22) x641 
A 220 
= 6.29 MeV 
15. Let t be the time. 
According to the Avogadro number concept, 
Number of atoms in 2 g of deuterium = 6.023 x10” 
Number of atoms in 2 kg of deuterium 
_ 6023x10" x 2x10° 
en aac 
= 602310" nuclei 
Energy released during fusion of two deuterium 
= 3.27 MeV 


<. Energy released per deuterium = 1.635 MeV 
Energy released in 6.02310" deuterium atoms 
= 1.635 x 6,023 x10" 
= 9.848 x10" MeV 
= 9,848 X10" x1.6x103 
= 15.75x10" J 
Energy used by bulb in 1s = 100] 
100 J energy used in time = 1 s 
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13 
15.7510" J energy used in time = ee 
= 15.75x10"'s [1 yr = 60x 24 X60X 365 5] 
15.75x10" 
60 X 24 X60 x 365 
Thus, the bulb glows for 4.99 x 10° yr. 


16. (i) In sun, four hydrogen nuclei fuse to form a helium 
nucleus with release of 26 MeV energy. 
‘2 1 g of hydrogen contains = 6.023 x10” nuclei 
<. Energy released by fusion of 1 kg (=1000 g) of 
6.023 x 10°? x 26x10" 


yr =4.99x10*yr 


hydrogen, E, = A 
= 39x10" MeV 
(ii) Energy released in one fission of ru nucleus 
= 200 MeV 


Mass of uranium =1 kg = 1000 g 

We know that, 235 g of *°U has 6.023 x10” atoms or 
nuclei. 

~<- Energy released in fission of 1 kg of U®, 


23 3 
_ 6023x 10” x1000x200_ -| Xios Mey 


E 
5 235 
x10% 
E = —— =765=8 
E, 51x10 


Thus, the energy released in fusion is 8 times the 
energy released in fission. 

17. Nuclear fission is the phenomenon of splitting of a 
heavy nucleus (usually A > 230) into two or more lighter 
nuclei. 

US? +n) —> Balt! + Kr? + 3n +Q 
In this case, the energy released per fission of Us is 
200.4 MeV. 


Nuclear fusion is the phenomenon of fusion of two or 
more lighter nuclei to form a single heavy nucleus. 

The mass of the product nucleus is slightly less than the 
sum of the masses of the lighter nuclei fusing together. 
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This difference in the masses results the release of 

tremendous amount of energy. 

eg {H +H —> ? He + e* +V+0.42 MeV 
B1 


2H +H — He + on +3.27 MeV 
1 
2H+?H —>,H? +,H+ 4.03 MeV 


2H + 7H — >} He + nMeV 
Am = (2.014102+ 3.016049) — (4.002603 + 1.008665) 
= 0.018883 u 


MeV 
Energy released, Q = 0.018883 x 931.5 2 


= 17.589 MeV 
18. Given, power of reactor, P= 1000 MW 


We will use concept that the energy generated in one 
fission of 53° U is 200 MeV. 


2 : 1 
Number of 53° U atoms in 1 g = as X 6.023 x10” 
. Energy generated per gram of 5, U 
=|} x6.023 x10” x 200x1.6x 10) 
235 


Total energy generated in 5 yr with 80% of the time 


=1000x10° x5x365x 24 x60 60% — 
100 


[as E = Pt] 
“. Mass of “$3U consumed in 5 yr, 
—_ Total energy 
Energy consumed per gram 


— 1000X10° X5X 365 x 24 x60X60X0.8 
Sn SS KON KOOKS 


1 
Sac |X 6.023 x10 x 200x re 
(5) 107 X 200X1.6 X10 


= 1.538 X10° g 
= 1538 kg 
“Initial amount of 92 U = (1544 x 2) = 3076 kg 


SUMMARY 


+ Volume of a nucleus is about 10~” times the volume of the 


atom. But the nucleus contains more than 99% of the mass of 
an atom. 
The unit used to express atomic masses is atomic mass 
unit (u). 

1u = 1660539 x 107 kg 
Isotopes The atomic species of the same element differing in 
mass but having the same chemical properties are called 
isotopes. 
Nucleus It consists of protons and neutrons. The positive 
charge in the nucleus is that of protons. A proton is stable. 
Neutron was discovered by James Chadwick. A free neutron 
is unstable. 
Atomic Number It is the number of protons present inside the 
nucleus. 
Mass Number It is the total number of protons and neutrons 
inside the nucleus. 
Nuclear Density The ratio of the mass of nucleus and its 


; 3 3m 
volume. So, it can be given by p = —. 
9 YP 4nRe 
Size of Nucleus The radius A of the nucleus having mass 
number A can be given by 
Rx A? =R = RA"? 


where, R, =12x10 "m 
Mass Energy Einstein showed that mass is another form of 
energy. Einstein's mass-energy equivalence equation 
is E = mc’. 
Binding Energy Minimum energy required to separate the 
nucleons (present inside the nucleus) and place them at rest 
and infinite distance apart. 
Average Binding Energy per Nucleon of Nucleus 

_ Total binding energy 

Number of nucleons (A) 

Nuclear Stability The stability of nucleus is determined Oy ne 
value of its binding energy per nucleon and its neutron to tne 
proton ratio. 
Nuclear Force is the strong attractive forces between 
nucleons. It is a non-conservative force and does not obey 
inverse-square law. 
Nuclear Energy It is the energy released dunng the 
transformation of a nuclei. 
Nuclear Fission It is phenomenon of splitting of a heavy 
nucleus into two or more lighter nuclei by the bombardment of 
proton, neutron, a-particles, etc. 
Nuclear Fusion It is phenomenon of fusing of two or more 
lighter nuclei forming a single heavy nucleus 


CHAPTER 
PRACTICE 


OBJECTIVE Type Questions 


Í. Ifthe nuclear radius of “Al is 3.6 Fermi, the 
approximate nuclear radius of 64Cy in Fermi is 
(a) 2.4 (b) 1.2 
(c) 4.8 (d) 3.6 

2. How much mass has to converted into energy to 
produce electric power of 200 MW for one hour? 
(a) 2x107Ć kg (b)8x10-° kg 
(c)1x10°° kg (d)3x107*° kg 


3. The mass defect of helium nucleus is 0.0303 
amu. The binding energy per nucleon for helium 
nucleus will be 

(a) 28 MeV (b) 7 MeV 


4. Binding energy of hydrogen nucleus is 
(a) - 13.6 eV (b) 0 
(c) 13.6 eV (d) 6.8 eV 


(c)14MeV (d) 1 MeV 


5. Two protons are attracting each other, then 
separation between them is 
(a)107! m (b)107? m 
(c)10 m (d)107" m 


6. In fusion reaction occurring in the sun, 
NCERT Exemplar 
(a) hydrogen is converted into carbon 
(b) hydrogen and helium are converted into carbon 
and other heavier metals/elements 


(c) helium is converted into hydrogen 
(d) hydrogen is converted into helium 


ASSERTION AND REASON 


Directions (Q. Nos. 7-8) In the following 
questions, two statements are given- one labeled 
Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 


(a)Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 


on and Reason are true but Reason 


Both Asserti t 
j rect explanation of Assertion. 


is not the cor | 
) Assertion is true but Reason is false. 


(c 
Reason is true. 


(d) Assertion is false but 


7. Assertion Nuclear force between 
neutron-neutron, proton-neutron and 
proton-proton is approximately the same. 


Reason The nuclear force does not depend on 
the electric charge. 


8. Assertion Naturally, thermonuclear fusion 
reaction is not possible on earth. 


Reason For thermonuclear fusion to take 
place, extreme condition of temperature and 
pressure are required. 


CASE BASED QUESTIONS 


Directions (Q.Nos. 9-10) These questions are case study 
based questions. Attempt any 4 sub-parts from each question. 
Each question carries | mark. 


9. Discovery of Nucleus 
The nucleus was first discovered in 1911 by 
Lord Rutherford and his associates by 
experiments on scattering of a-particles by 
atoms. He found that the scattering results 
could be explained, if atoms consist of a small, 
central, massive and positive core surrounded 
by orbiting electrons.The experimental results 
indicated that the size of the nucleus is of the 
order of 10" m and is thus 10000 times 
smaller than the size of atom. 

(i) Ratio of mass of nucleus with mass of atom 
is approximately 
(a) 1 (b) 10 
(c) 10° (d) 10'° 

(ii) Masses of nuclei of hydrogen, deuterium 
and tritium are in ratio E 
(a) 1:2:3 


b) 1:1: 
(c) 1:1:2 ae) 


(d) 1:2:4 


“Nuclei 


(iii) Density of a nucleus is 


(a) more for lighter elements and less for heavier 
elements 


(b) more for heavier elements and less for lighter 
elements 


(c) very less compared to ordinary matter 
(d) aconstant 

(iv) If R is the radius and A is the mass number, 
then log R versus log A graph will be 
(a) a straight line 
(b) a parabola 
(c) an ellipse 
(d) None of the above 

(v) The ratio of the nuclear radii of the gold 


isotope 32’ Au and silver isotope 12" Au is 
(a) 1.23 (b) 0.216 
(c) 2.13 (d) 3.46 


‘10. Disappeared Mass 
In the year 1939, German scientist Otto Hahn 
and Strassmann discovered that when an 
uranium isotope was bombarded with a 
neutron, it breaks into two intermediate mass 
fragment. It was observed that, the sum of the 
masses of new fragments formed were less than’ 
the mass of the original nuclei. This difference 
in the mass appeared as the energy released in 
the process. 
Thus, the phenomenon of splitting of a heavy 
nucleus (usually A> 230) into two or more 
lighter nuclei by the bombardment of proton, 
neutron, a-particle, etc with liberation of energy 
is called nuclear fission. 
Fission reaction resulting from the absorption 
of neutron is known as induced fission. 
Uhin aU” Bal +g Kr? 
Unstable nucleus 
+ 3n'+O 
(i) Fission of nuclei is possible because the 
binding energy per nucleon in them 
(a) increases with mass number at high mass 
numbers 
(b) decreases with mass number at high mass 
numbers 
(c) increases with mass number at low mass 
number 
(d) decreases with mass number at low mass 
number 
(ii) For sustaining the nuclear fission chain 
reaction in a sample (of small size) of $yU, it 
is desirable to slow down fast neutrons by 
(a) friction 
(b) elastic damping/scattering 
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(c) absorption 
(d) None of the above 
(iii) Which of the following is/are fission 
reaction(s)? 
L bn +U- 2U Sb +7 Nb +450 
I. An +23U Xet Sr + 25n 
Ill. [H+7H— 3He +47 
(a) Both II and III (b) Both I and IM 
(c) Only II (d) Both I and I 
(iv) If a nucleus with mass number A =240 with 
En = 7.6 MeV breaks into two fragments of 
A=120 and E,,=8.5 MeV, then released 
energy is around 
(a) 216 MeV 
(b) 200 MeV 
(c) 100 MeV 
(d) Cannot be estimated from given data 
(v) In any fission process, ratio of mass of 
daughter nucleus to mass of parent nucleus 
is 
(a) less than 1 
(b) greater than 1 
(c) equal to 1 
(d) depends on the mass of parent nucleus 


11. The neutron is bombarded on a 2°B nucleus and 


an a-particle is emitted. The nuclear reaction 
involved is CBSE 2020 


in + B — jHet.... 
12. Name the particle emitted spontaneously ìn the 
following nuclear reaction: CBSE 2020 


32 320 G 
15 P — 169 TV + eevee 


VERY SHORT ANSWER Type Questions 


13...Two nuclei have mass numbers in the ratio of 
27: 512. What is the ratio of their nuclear radii? 


14. In the following nuclear reaction, identify 
unknown labelled X. CBSE SQP (Term-1) 


22 2 
Na +X > Ne +V, 


15. Why is it necessary to slow down the neutrons, 


produced through the fission of *43U nuclei (by 


neutrons) to sustain a chain reaction? What 
type of nuclei are (preferably) needed for 
slowing down fast neutrons? 


16. Name the materials used as moderators in 
nuclear reactors and write the reasons for their 
use as moderator. 
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SHORT ANSWER Type Questions 
17. 


(i) Write two characteristic features of nuclear 
force. 


(ii) Draw a plot of potential energy of a pair of 
nucleons as a function of their separation. 


All India 2017 C 
18. (a) State two distinguishing features of nuclear 
force. CBSE 2019 


(b) Draw a plot showing the variation of 
potential energy of a pair of nucleons as a 
function of their separation. Mark the 
regions on the graph where the force is 
(i) attractive and (ii) repulsive. 

19. If both the numbers of protons and neutrons 
are conserved in a nuclear reaction like 


gC" 4,6?» 10N”? + ,He* 


In what way is the mass converted into the 
energy? Explain. 


20. Calculate for how many years will the fusion of 
2.0 kg deuterium keep 800 W electric lamp 
glowing. Take the fusion reaction as CBSE 2020 


TH + 7H —> 3He + Ìn +3.27 MeV 


LONG ANSWER Type I Questions 


21. (a) Give one point of difference _ between 
nuclear fission and nuclear fusion. 


(b) Suppose we consider fission of a 5SFe into 
two equal fragments of ?$ Al nucleus. Is the 
fission energetically possible? Justify your 


answer by working out Q-value of the 
process. 


Given (m) 38Fe = 55.93494 u 


and (m) 23 Al= 27.98191. CBSE SQP (Term-1) 


22. Draw the curve showing the variation of 
binding energy per nucleon with the mass 
number of nuclei. Using it explain the fusion of 
nuclei lying on ascending part and fission of 
nuclei lying on descending part of this curve. 

CBSE 2020 


23. A heavy nucleus P of mass number 240 and 
binding energy 7.6 MeV per nucleon splits in to 
two nuclei Q and R of mass numbers 110, 130 
and binding energy per nucleon 8.5 MeV and’ 
8.4 MeV, respectively. Calculate the energy | 
released in the fission. CBSE 2020 
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LONG ANSWER Type II Questions 
24. Define Q-value of a nuclear process. When can 
a nuclear process not proceed simultaneously? 


If both the number of protons and the number 
of neutrons are conserved in a nuclear reaction, 
in what way is mass converted into energy 


(or vice-versa) in nuclear reaction? 


25. (i) Ina typical nuclear reaction, e.g. 
*H+?H —> 3He + 3.27MeV 


Although number of nucleons is conserved, 
yet energy is released. How? Explain. 


(ii) Show that nuclear density in a given nucleus 
is independent of mass number A. 


ANSWERS | 


2. (b) 
7. (a) 


1. (c) 
6. (d) 


9.(i) (a) As nearly 99.9% mass of atom is in nucleus. 
Mass of nucleus _ 99.9 “ 
Mass of atom 100 


3. (b) 
8. (a) 


4. (o 5. (d) 


0.99 =1 


(ii) (a) Since, the nuclei of deuterium and tritium are 
isotopes of hydrogen, they must contain only one 
proton each. But the masses of the nuclei of hydrogen, 
deuterium and tritium are in the ratio of 1: 2:3, 


because of presence of neutral matter in deuterium and 
tritium nuclei. 


(iii) (d) Density = _Mass_ 


Volume 
MA _ 3m 
Snr A nR i 


As, m=mp= My 
= 23x10" kgm", which is a constant. 
(iv) (a) R= RA!” 
log R= log R, + ; log A 


On comparing the above equation of straight line; 


Y = mx + c, so the graph between log A and log Risa 
Straight line also, 


(v) (a) Here A, =197 and A = 107 


1/3 
R \A, 107.) 0TA 21.28 


Nuclei 


10. (i) (b) 


+ 


e 
e 
. e 
(Fusion Fission 


. +e 


A — 


So, from graph, it is clear that binding energy per 
nucleon decreases with mass number at high mass 
numbers. 


(ii) (b) Fast neutrons are slowed down by elastic scattering 
with light nuclei as each collision takes away nearly 
50% of energy. 


(iii) (d) Reactions | and II represent fission of uranium 
isotope 4)’ U, when bombarded with neutrons that 


breaks it into two intermediate mass nuclear 
fragments, However, reaction II represents two 
deutcrons fuses together to form the light isotope of 
helium. 


(iv) (a) The energy released (i.e. Q-value) in the fission 
reaction of nuclei like uranium is of the order of 
200 MeV per fissioning nucleus. This is estimated as 
follows 


Let us take a nucleus with A = 240 breaking into two 
fragments each of A = 120, then 


E,,, for A = 240 nucleus is about 7.6 MeV. 


E,,, for the two A = 120 fragment nuclei is about 8.5 
MeV, 


So, gain in binding energy for nucleon is about 
0.9 MeV. 


Hence, the total gain in binding energy is 
240x 0.9 or 216 MeV. 


(v) (a) In fission process, when a parent nucleus breaks 
into daughter products, then some mass is lost in the 
form of energy. Thus, mass of fission products < mass 
of parent nucleus. 


Mass of fission products 
> ————— <1] 


Mass of parent nucleus 
ll jn+!’B—> {He+ 3Li 
12, Sp—y 854. Fhe 
13. We know that, radius of nucleus in terms of mass 
number (A), given as 
R=R,A'" 


1/3 
R- R27) > 3 =>3:8 


R, R (512 8 
14, In the given nuclear reaction, the atomic number of 
product side is one less than that of reactant side. So, the 


X must be an electron and the reaction can be written as 


22 0 22 
1 Na + je — Nety, 


15. 


16. 


17. 
18. 
19. 


20. 


21. (a) Distinction between Nuclear Fission and 


523 


In fission each nucleus of 7° U, emits on the average 
more than two neutrons. If one of these neutrons is 
absorbed by another 235 nucleus, causing it to fission, 
we can have a sustainable chain reaction. However, only 
a slow neutron, rather than a fast neutron has a high 
cross-section (chance) of absorption. i.e. Why neutrons 
are slowed down by use of moderator. Heavy nuclei are 
(preferably) needed for slowing down fast neutrons. 


Heavy water and graphite are used as moderator in 
nuclear reactors. The main reason why heavy water and 
graphite used as moderator because they capture less 
neutrons than other substance. 


Refer to text on page 505. 
Refer to text on page 505. (Nuclear force) 


Here, sum of masses of constituents of product is less 
than the sum of masses of constituents of reactants, 
which causes some mass defect. This mass defect gets 
converted into energy, as per mass-energy equivalence. 


Let t be the time. 

According to the Avogadro number concept, 

number of atoms in 2 g of deuterium 
= 602310" 

and number of atoms in 2 kg of deuterium 
_ 602310" x 2x10° 
la i 
= 6023x10**% nuclei 

Energy released during fusion of two deuteriums 
= 3. 27 MeV 

.. Energy released per deuterium = 1.635 MeV 

Energy released in fusion of 6.02310" deuterium atoms 
= 1.635 x 6.023 x10" 
= 9.848 x10" MeV 
= 9,848 x10" x1.6x10" 
= 15.75x10" J 

Energy used by bulb in ls= 800J 

As, 800 J of energy used in time = 1 s. 


(W = Js) 


So, 15.7510" J of energy used in time 

_1x15.75x10" 

800 

= 1,969x 10"'s 

[1 yr = 60x 24 x60 365 s] 

1.969x10"! 

semn 

60x 24 x 60x 365 
=6.243 X10°yr 


Thus, the bulb glows for 6.243 x10° yr, 


Sewn ge à Nucl 
Fusion Fission is the splitting of large nucleus ‘ite 
two or more smaller ones, on the other Aran 


hand, fusion i 
the combining of two or more lighte + ruston is 
larger one. enter nuclei to form 
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AE =\1c? = [110 + 130] x 85 — 240 x 76 Mey 
(c? =9315 Mey) 
= 240 x (85 — 7.6) = 240 x 0.9 
= 216 MeV 


24. Q-value; refer to the text on pages 512 and 513. 
In fact the number of protons and number of neutrons 
are same before and after nuclear reaction, but the 
binding energies of nuclei present before and after a 


(b) The given reaction for decay process, = 


Fe — 273 Al 
Mass defect, Am=m(% Fe)— 2m(2 Al) 
= 5593494 — 2(27.98191) 
=— 0.02888 u 
> Q=Amx931 
= —0.02888 x 931 


=~ 2658728 MeV nuclear reaction are different. This difference is called 
Because the energy is negative, so the fission is not mass defect. This mass defect appears as energy of 
possible energetically, reaction. In this sense, a nuclear reaction is an example 
22. Refer to text on page 504. of mass-energy inter conversion. 
23. Energy released (AE) = Am x c? 25. (i) Refer to Q. 20 on page 507. 


where, Am is the mass defect. (ii) Refer to text on page 502. 


The basic building blocks of any electronic circuit are the devices which have controlled 
flow of electrons. Before the discovery of semiconductor devices, such devices were 
mostly vacuum tubes. The vacuum tubes which have two electrodes ; anode and 
cathode, are called diode valves and the tubes which have three electrodes : cathode, 
anode and grid, are called triode valves. Such devices were bulky, consume high power, 
generally operate at high voltages and have limited life and low reliability. 


SEMICONDUCTOR ELECTRONICS 
: MATERIALS, DEVICES 
AND SIMPLE CIRCUITS 


4 ~ 
The seed of growth and development of modern solid state semiconductor Y CHAPTER CHECKLIST 


electronics goes back to 1930, when it was realised that some semiconductors è Semiconductor, Diode 
and their junctions have the ability of controlling the number and the direction -and Its Applications 
of flow of charge carriers through them. Simple excitation with the help of 


light, heat or small applied voltage can change the number of mobile charge 
carriers in a semiconductor. The supply and flow of charge carriers in these 
devices are within the solid itself, no vacuum or external heating is required. 
So, these devices are small in size, consume low power, operate at low voltages 


and have long life and high reliability. 


CLASSIFICATION OF METALS, CONDUCTORS 
AND SEMICONDUCTORS ON THE BASIS OF 
CONDUCTIVITY 


On the basis of the relative values of electrical conductivity (0) or resistivity 
= 1/6), the solids are broadly classified as, 
(i) Metals They possess very low resistivity (or high conductivity). 
p-1077-1078Qm, o- 107-108 Sm! 
(ii) Semiconductors They have resistivity or conductivity intermediate to 
metals and insulators, 
p-107-10°Qm, o-10**- 107° Sm"! 
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(iii) Insulators They have high resistivity (or low conductivity). 
P-10"-10"Qm, 6 -107"'- 107 Sm” 
The values of p and o given above are indicative of 
magnitude and could well go outside the ranges as well. 


Our interest in this chapter is in the study of semiconductors, 
which can be of the following types 


(i) Element semiconductors These semiconductors are 
available in natural form. 


e.g. Silicon and germanium. 


(ii) Compound semiconductors These semiconductors are 
made by compounding the metals. e.g. 
(a) Inorganic semiconductors are CdS, GaAs, CdSe, InP, 


etc. 


(b) Organic semiconductors are anthracene, doped 
pthalocyanines, etc. 


(c) Organic polymer semiconductors are polypyrrole, 
polyaniline, polythiophene, etc. 


ENERGY BANDS IN SOLIDS 
(CONDUCTOR, INSULATOR AND 
SEMICONDUCTOR) 


Energy Band 


According to Bohr’s atomic model and concept of electronic 
configuration in an isolated atom, the electrons have certain 


Difference between Conductor, 


Conductor (Metal) 


In conductor, either there is no energy gap 
between the conduction band which is 
partially filled with electrons and valence 
band or the conduction band and valence 
band overlap each other. it. 


Thus, many electrons from below the fermi 
level can shift to higher energy levels above 
the fermi level in the conduction band and 
behave as free electrons by acquiring a litlle 


material. 
more energy from any other sources. 


O Insulator 
In insulator, the valence band is completely 
filled, the conduction band is completely 


emply. In this, energy gap is quite large filled and the conducti i but 
and even energy from any other ih duction band is empty 


source cannot help electrons to overcome 


Thus, electrons are bound to valence band 
and are not free to move. H 
conduction is not possible i 


Empty conduction band 
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definite discrete amounts of energy corresponding to 
different shells and subshells, i.e. there are well-defined 
energy levels of electrons in an isolated atom. 


But in a crystal due to interatomic interaction, valence 
electrons are shared by more than one atom. Due to 
this, splitting of energy level takes place. The collection 
of these closely spaced energy levels is called an energy 
band. These bands are formed due to the continuous 
energy variation in different energy levels. 


These different energy levels in different electrons are 
formed because inside the crystal, each electron has a 
unique position and no two electrons is exactly at the 
same pattern of surrounding charges. 


Valence Band 


The energy band, which includes the energy levels of 
the valence electrons is called valence band. This band 
may be partially or completely filled with electrons but 
is never empty. 


Conduction Band 
The energy band above the valence band is called 


conduction band. At room temperature, this band is 
either empty or partially filled with electrons. Electrons 
can gain energy from external electric field, then jump 


from valence to conduction band and contribute to the 
electric current. 


Insulator and Semiconductor on the basis of Energy Bands 


' Semiconductor 


In semiconductor, the valence band is totally 


e energy gap between conduction band 


m jones band, unlike insulators is very 
mall, 


Thus, at room temperature, some electrons 
ence, electric in the valence band acquire thermal energy 
n this type of greater than energy band gap and jump over 


to the conduction band where they are free 


Conduction Conduction one the influence of even a small 
band teld and acqui Il conductivity. 
Electron band band quire small conducti 
ener: FEREREUEEL —_— £,=0 ee 
= I I f I I | REER & & +— Conduction 
Ey Valence g 5 - C band 
Valence a sa = E,>3eV 2 
band 5 g 
Q) 
For metals a D |Ev È 


E 
valence band 
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. are ° E 5 . f 
impurities. In intrinsic semiconductors, the number o 
Energy Band cap excited electrons is equal to number of holes, i.e. n, =7; 


where n; is called intrinsic carrier concentration. At 
temperature 0 K, the valence band is filled. The energy gap 
is 0.72 eV and the conduction band is totally empty. 


The minimum energy required for shifting electrons from 

yalence band to conduction band is called energy band gap 

(E,)- It is the gap between the top of the valence band and 
£ . 

h duction band. It can be zero, small or 

te de aren ms the material. Under the action of an electric field, holes move towards 

ai negative potential giving hole current /,. The total current 


Note If}. is the wavelength of radiation used in shifting the electron Iis the sum of the electron current i. and the hole current 


fom valence band to conduction band, then energy band gap is 


I, ie. f=), +1). 
ll eiA It may be noted that apart from the process of generation of 
where, h is called Planck's constant and c is the velocity of light. conduction in electrons and holes, a simultaneous process 
of recombination occurs in which the electrons recombine 
Ferm Energy with the holes. At equilibrium, the rate of generation is 


Ir is the maximum possible energy possessed by free equal rate of ame of charge ais. = 
electrons of a material at absolute zero temperature oh ination occurs due to an electron colliding wi 
(i.c.0 K). The value of fermi energy is different for different 2O*: 


materials, (Thermally generated 
« free electron) 


SEMICONDUCTORS ALA ES 


The materials whose conductivity lie between metals and \ 
insulators are known as semiconductors. They are met: i tg 
characterised by narrow energy gap (less than 3eV) between Hole at site 1 


AA 4 
: BN Oe ee No = 
the valence band and conduction band. At absolute zero (+4) Site 1 (+4) (electron vacancy) 
. » + - . . 
» ' e . 


temperature, all states in valence band are filled and all $ 
states in conduction band are empty. An applied electric i {Site 24 1g 

field cannot give so much energy to the valence electrons me} eG Ae HEA ® . i5 
that they could cross the gap and enter. the conduction Wa aea ee o l 


band. Hence, at low temperatures, puresemiconductors are bo T 
insulators. 

(+4) Si or Ge 
(a) 


Fig. (a) is representing the generation of hole at site 1 
and conduction electron due to thermal energy at 
moderate temperatures 


Electrons and Holes in Semiconductors 


At room temperature, however some of the valence electrons 
acquire thermal energy greater than E; and move into 
Conduction band. A vacancy is created in the valence band at 
each place where an electron was present before moving into 
Conduction band. This vacancy is called hole. It is a seat of 
Positive charge of magnitude equal to the charge of an 
electron, Thus, free electrons in the conduction band and the 
holes are created in the valence band, which can move even 
under a small applied field. The solid is therefore conducting. 


s ICRC mae 


On the basis of purity, semiconductors are of two types IS a i 

Intrinsic Semiconductors vl Ac aS E 

% i pe of semiconductor is also called an undoped E F A 
miconductor or i-type semiconductor. It is a pure j ) Sior Ge 

*€miconductor without any significant presence of dopant 


Speci ; leis 2 

p cles, Pure germanium, silicon in their natural state are , l , 

intrinsic semiconductors Fig. (b) is representing possible thermal motion of a hole. The 
he l PERE electron from the lower left hand covalent bond (site 2) goes to 

p number of charge carriers is determined by the the earlier hole site 1, leaving a hole at its site indicating an 


Operties of the material itself instead of the amount of apparent movement of the hole from site 1 to site 2 
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An intrinsic semiconductor behaves like an insulator at 
T =0K. The thermal energy at higher temperature is the 


only reason which excites some electrons from the valence 
band to the conduction band. 


In Fig. (b) these thermally excited electrons at T >0K, 
partially occupy the conduction band. They have come 
from the valence band leaving equal number of holes there. 


E E Electrons 
cC c 
& | = 
© 
5 r i 
= 
Q| E E 
3 V = y = Holes 
eea me 


(a) (b) 


Fig. (a) an intrinsic semiconductor at T = 0K 
behaves like insulator. Fig. (b) is representing four 
thermally generated electron-hole pairs atT > OK 


Extrinsic Semiconductors 


The conductivity of intrinsic semiconductors is very low at 
room temperature. But, it can be significantly increased, if 
some pentavalent or trivalent impurity is mixed with it. 
Hence, those semiconductors in which some impurity 
atoms are embedded are known as extrinsic or impurity 
semiconductors. 


NOTE When some desirable impurity is added to intrinsic 
semiconductors deliberately then this process is called doping and 
the impurity are called dopants. The process of adding impurity to an 
intrinsic semiconductor in a controlled manner is called doping. 


There are two types of dopants used in doping. 
(i) Trivalent (valency 3) atoms: e.g., Indium (In), Boron 
(B), aluminium (Al), etc. 
(ii) Pentavalent (valency 5) atoms: e.g., Arsenic (As), 
Antimony (Sb), Phosphorous (P), etc. 


Extrinsic semiconductors are basically of two types 


(i) n-type semiconductors (ii) p-type semiconductors 


n-Type Semiconductors 


This type of semiconductor is obtained when pentavalent 
impurity is added to Si or Ge. During doping, four 
electrons of pentavalent element bond with the four silicon 
neighbours while fifth remains very weakly bound to its 
parent atom. Also the ionisation energy required to set this 
electron free is very small. 


Hence, these electrons are almost free to move. In other 
words, we can say that these electrons are donated by the 
impurity atoms. So, these are also known as donor atoms 
and the conduction inside the semiconductor will take 
place with the help of the negatively charged electrons. Due 
to this negative charge, these semiconductors are known as 
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n-type semiconductors. When the semiconductors are 
placed at room temperature, then the covalent bond 
breakage takes place. So, more free electrons are generated, 
As a result, same number of holes generation takes place. 
But as compared to the free electrons, the number of holes 
are comparatively less due to the presence of donated 
electrons, i.e. n, >> n}. 


Therefore, major conduction in n-type semiconductors js 
due to electrons. So, electrons are known as majority 
carriers and the holes are known as the minority carriers, 


This means, 7, >>2,;1, >> L; 


ii 
a.s... r ERRETES gee, (C Tia 
(CHRONO 

a EN e Unbonded free 
OX eee OM aa @) paeas - electron donated 
Sonat 9. Ae @...--- by pentavalent 

i ? (+5 valency) atom 
Yaa r 49 : eer ° C] 
h tS 


(a) 


Fig. (a) Pentavalent donor atom (As, Sb, P, etc.) doped 
for tetravalent Si or Ge giving n-type semiconductor 


Donor core O Q. O 
OOO 
OOO 


(b) 

Fig. (b) Commonly used schematic representation for 
n-type material which shows only the fixed cores of 
the substituent donors with one additional effective 

positive charge and its associated extra electron. 


Electron 


b-Type Semiconductors 


This type of semiconductor is o 
impurity is added to Si or Ge. 


So, the three valence electrons of the doped impure atoms 
will form the covalent bonds with silicon atoms but silicon 


atoms have four electrons in its valence shell. Hence, one 
covalent bond will be improper, 


This means, one more electron is needed for the proper 
covalent bonding. This need of one electron is fulfilled 
from any of the bond between two silicon atoms. So, the 
bond between the silicon and impurity atoms will be 
completed. After bond formation, the doped impurity will 


get ionised. As we know that, ions are negati 
s s we | ; tively charged. 
So, the impurity will also get negative dare Á 


btained when a trivalent 
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As, hole was created when the electron ‘come from 
silicon-silicon bond moved to complete the bond between 
the doped impurity and silicon. Due to this, an electron will 
now move from any one of the covalent bond to fill the 
empty hole. This will further result in a new hole 
formation.: So, in p-type semiconductor, the holes 
movement results in the formation of the current. This 
means, in this type of semiconductor majority charge 
carriere are holes, i.e. positively charged and minority 
charge carriers are electrons, i.e. n, >>n, 3 1, >>T,. 


Hence, these conductors are known as p-type 
semiconductors or acceptor type semiconductors. 

eS ee eto E i 

oom Sasa O ee ACs waka? - Acceptor core 

. PLM oy 

A TS Canes sasaat O ® O 

4, RERA : om PEN Fo Hole 
ess? ON eS ae 


; b 
m (b) 


Fig. (a) Trivalent acceptor atom (In, AI, B, etc.) doped in tetravalent 
Si or Ge lattice giving p-type semiconductor. Fig. (b) Commonly 
used schematic representation of p-type material which shows 
only the fixed core of the substituent acceptor with one effective 
additional negative charge and its associated hole. 


The electron and hole concentration in a semiconductor in 
thermal equilibrium is given by n,n, =n}. 


Note The energy gaps of C,Si and Ge are 5.4 eV, 1.1 eV and 
07 eV, respectively. 


Nis a group IV element as its energy. gaps Is zero. 


Energy Band in Extrinsic 
Semiconductors 


n extrinsic semiconductors, additional energy states due to 
onor impurities (Ey) and acceptor impurities (£ 4) also 
Ast, In the energy band diagram of n-type semiconductor, 
the donor energy level E p is slightly below the bottom Eç 
* Conduction band and the electrons from this level move 
into conduction band with very small supply of energy. 


In P-type semiconductors, the acceptor energy level E 4 is 
lightly above the top energy level Ey of the valence band. 

ith very small supply of energy an electron from the 
Valence band can jump to the level Æ} and ionise the 
‘ceptor negatively, 
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1? |---Ep(Donor energy 
S|} +0.01eV Ez level) 
cC 
S | 
re) 
® 
. Ww 
t ging teas 
(a)T > OK 
one thermally generated electron-hole 
pair +9 electrons from donor atoms 
Ec pa ; a 
Eg E, (Acceptor energy 


(b) T> OK 
Energy bands of (a) n-type semiconductor at 
T > 0K, (b) p-type semiconductor at T>0K 


EXAMPLE |1| The number of silicon atoms per m? is 
5 x 10%. This is doped simultaneously with5 x 10”? atoms 
per m?of arsenic and 5 x 10% atoms per m° of indium. 
Calculate the number of electrons and holes. Given that, 
n; = 1.5 x 10m" ?. Is the material n-type or p-type? 


. NCERT 
Sol. For each atom doped with arsenic, one free electron is 
received. Similarly, for each atom doped of indium, a 
vacancy is created. So, number of free electrons introduced 
by pentavalent impurity is 
> -~ 
Np 5X10” m° 


The number of holes introduced by trivalent impurity 
added is N, =5x10" m™ 
So, net number of electrons added is 

n= Ny, -N =5xX10" -5 x10” 

= 4,95 x10" m° 
We know that, 
nth, =n 

Spe ele 
n, 495x10% 
= 4,54 x10’ m” 


As, n, > n, (number of holes). So, the material is n-type 
semiconductor. 
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P-n JUNCTION 


lt 's an arrangement made by a close contact of n-type 
semiconductor and p-type semiconductor. There are 
various methods of forming p-n junction. In one method, 
an n-type germanium crystal is cut into thin slices called 
wafers. An aluminium film is laid on an n-type wafer, which 
is then heated in an oven ata temperature of about 600° C. 
Aluminium then diffuses into the surface of wafer. In this 
way, a p-n junction is formed. 


Formation of Depletion 
Region in p-n Junction 


In an n-type semiconductor, the concentration of electrons 
is more than that of holes. Similarly, in a p-type 
semiconductor, the concentration of holes is more than that 
of electrons. During the formation of p-n junction and due 
to the concentration gradient across p and n-sides, holes 
diffuse from p-side to n-side ( p —> n) and electrons diffuse 
from n-side to p-side (n 3 P). The diffused charge carriers 
combine with their counterparts in the immediate vicinity 
of the junction and neutralise each other. 


Thus, near the junction positive charge is built on n-side 
and negative charge on p-side. 
_, — Electron diffusion 
Electron drift — 
eeee 
eeee|: 
6ee@e@]..:. 
oopa 
oopa 


f | — Depletion region 
ffusion— 
iar 
p-n junction formation process 


This sets up potential difference across the junction and an 
internal electric field £; directed from n-side to p-side. The 
equilibrium is established when the field £, becomes strong 
enough to stop further diffusion of the majority charge 
carriers (however, it helps the minority charge carriers to 
diffuse across the junction). 

The region on either side of the junction which becomes 
depleted (free) from the mobile charge carriers is called 
depletion region or depletion layer. The width of depletion 

=e 
region is of the order of 10” m. 


The potential difference developed across the depletion 
region is called the potential barrier, It depends on dopant 
concentration in the semiconductor and temperature of the 


junction. 


Note 
è iffusion of holes from p-side to -side and electrons from 
prieel ag the junction, a current rises from p-side to n-side, 


which is called diffusion current. 


| AllZwone | PHYSICS Class 12 


i ted on the depletion region g 
It an electron-hole pair is crea due to 
. thermal collision, the electrons are pushed by the electric field 
towards the n-side and the holes towards the p-side, which gives tise 
to a current from n-side to p-side known as drift current. 


* In steady state, diffusion current = drift current. 


SEMICONDUCTOR DIODE OR 
p-n JUNCTION DIODE 


It is basically a p-n junction with metallic contacts provided 
at the ends for the application of an external voltage. It is a 
two terminal device. 


p 
It is represented by the symbol A. 


The direction of arrow indicates the conventional direction 
of current. 


Forward Biasing and Reverse 


Biasing of Junction Diode 


Biasing is the method of connecting external battery or emf 
source to a p-» function diode. The junction diode can be 
connected to an external battery in two ways, called 
forward biasing and reverse biasing of the junction. 


Forward Biasing 


A junction diode is said to be forward biased when the 
positive terminal of the external battery is connected to the 
p-side and negative terminal to the n-side of the diode. 


Flow of Current in Forward Biasing 


In this situation, the forward voltage opposes the potential 
barrier, due to which both the potential barrier and width 


of the depletion layer decreases. Under the effect of external 
electric field, holes in the 


p-region and electrons in Hole. Junction 
the n-region, both move’ —_— jgn / 
towards the junction. > fea 
These holes and electrons 
mutually combine just 
near the junction and 
cease to exist. For each 
electron-hole 
combination, a covalent 
bond breaks up in the 
P-tegion near the positive Forward biasing of junction diode 
terminal of the battery. Out of the hole and electron so 
produced, the hole moves towards the junction, while the 


electron enters the positive terminal of the battery through 
the connecting wire, 


Electron 


Battery 


Just at this moment 
negative terminal of th 
replace the electron | 
junction, Thus, 


» an electron is released from the 
e battery which enters the n-region tO 
ost by combining with a hole at the 
a current called forward current, iS 
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constituted by the motion of majority charge carriers across 
the junction. In forward bias, the junction diode offers low 
resistance. 


reverse Biasing 


A junction diode is said to be reverse biased when the 
sitive terminal of the external battery is connected to the 
„side and negative terminal to the p-side of the diode. 


Flow of Current in Reverse Biasing 


In this situation, the reverse voltage supports the potential 
barrier, due to which both the potential barrier and with of 
the depletion layer increases. Under the effect of external 
eectric field, holes in the p-region and electrons in the 
n-tegion are pushed away from the junction i.e. they cannot 
be combined at the junction. So, there is almost no flow of 
current due to majority charge carriers. 
Junction 


Battery 


Reverse biasing of junction diode 


However, a very small current due to minority charge 


Carriers, flows across the junction. This current is called 
teverse current. 


I-V (CURRENT-VOLTAGE) 
CHARACTERISTICS OF p-n 
UNCTION DIODE 


, € graphical relations between voltage applied across p-n 
Junction and current flowing through the junction are 
Called 7-V characteristics of junction diode. 


Forward Biased Characteristics 


€ circuit diagram for studying forward biased 
‘acteristics is shown in the figure (a). Starting from a 
OW value, forward bias voltage is increased step by step 
Measured by voltmeter) and forward current is noted (by 


s meter), A graph is plotted between voltage and current 
$ shown in figure (b). i 
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Forward current (mA) 
=A MN w > on om N 


0 010203 04 05 
Forward voltage (V) 


Battery 
(a) (b) 


Forward biased characteristic of a diode 


At the start when applied voltage is low, the current 
through the diode is almost zero. It is because of the 
potential barrier, which opposes the applied voltage. 


Till the applied voltage exceeds the potential barrier, the 
current increases very slowly with increase in applied 
voltage (OA portion of the graph). : 
With further increase in applied voltage, the current 
increases. very rapidly (AB portion of the graph), in this 
situation the diode behaves like a conductor. The forward 
voltage beyond which the current through the junction 
starts increasing rapidly with voltage is called knee voltage 
or threshold voltage. If line AB is extended back, it cuts the 
voltage axis at potential barrier voltage. 


Reverse Biased Characteristics 


The circuit diagram for studying reverse biased 
characteristics is shown in the figure (a). 


Reverse voltage (V) 
=10:-8 -6 4 -2.0 = 
i 2 
C 2 
= 
43 
Breakdown 5 S 
voltage ray 
8 È 


D 


(b) 
Reverse biased characteristic of a diode 


In reverse biased, the applied voltage supports the flow of 
minority charge carriers across the junction. So, a very small 
current flows across the junction due to minority charge 
carriers. Motion of minority charge carriers is also 
supported by internal potential barrier, so all the minority 
carriers cross over the junction. 
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Therefore, the small reverse current remains almost constant 
over a sufficiently long range of reverse bias, increasing very 
little with increasing voltage (OC portion of the graph). This 
reverse current is voltage independent upto certain voltage 
known as breakdown voltage and this voltage independent 


current is called reverse saturation current. 


Note If the reverse bias is equal to the breakdown voltage, then 
the reverse current through the Junction increases very rapidly (CD 
portion of the graph), this situation is called avalanche breakdown 
and the junction may get damaged due to excessive heating if this 


current exceeds the rated value of p-n junction. 

In diodes, a resistance is offered by the function which 
depends on the applied voltage, which is called dynamic 
resistance. It is the ratio of small change in voltage to the 
small change in current produced. 


re AV 
Dynamic resistance, r} = a 


DIODE AS A RECTIFIER 


The process of converting alternating voltage/current into 
direct voltage/current is called rectification. Diode is used as 
a rectifier for converting alternating current/voltage into 
direct current/voltage. 


Principle l 
From the V-/ characteristic of a junction diode, we see that 
it allows current to pass only when it is forward biased. So, 
if an alternating voltage is applied “across a diode, the 
current flows only in that part of the cycle when the diode is 
forward biased. This property is used to rectify the 
current/voltage. 
There are two ways of using a diode as a rectifier, i.e, 

(i) Diode as a half-wave rectifier 

(ii) Diode as a full wave rectifier 


Diode as a Half-Wave Rectifier 


In this, che AC voltage to be rectified is connected to the 
primary coil of a step-down transformer and secondary coil 
is connected to the diode through resistor R, across which, 
output is obtained. 


Transformer A X 


t 
[i 
[] 
i] 
[j 
t 
t 
t 
1 
1 
' 
t 


Circuit diagram of half-wave rectifier 
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Working 

During positive half cycle 7 
of the input AC, the p-n % 
junction is forward b 
biased. Thus, the 8 
resistance in p-n junction f 
becomes low and current Œ 
flows. Hence, we get 6 
output in the load. 5 
During negative half cycle 9 
of the input AC, the p-n. S 


junction is reverse biased. 
Thus, the resistance of 
p-n junction is high and current does not flow. Hence, no 
output is in the load. 


Diode as a Full Wave Rectifier 


In the full wave rectifier, two p-n junction diodes, D, and D, 
are used. This arrangement is shown in the diagram below. 


Input and output waveforms 


Centre tap 
transformer 
ze 


Circuit diagram of full wave rectifier 


Working 


During the positive half 
cycle of the input AC, 
the diode D, is forward 
biased and the diode D, 
is reverse biased. The 
forward current flows 
through diode D}, 


During the negative half 
cycle of the input AC, 
the diode D, is reverse 
biased and diode D, is 
forward biased, Hence, 
current flows through 
diode D,, Hence, we 
find that during both the 
alves, current flows in 
the same direction, 


Input 


So 


Input 
waveform at8 waveform at A 


| | 


| ' 
Due tolDue to; Due toDue t 
Di! D ' Dy l Do 
I~ | 


Seo ces 


(across A) 
QO 


Output waveform 


Input and output waveforms 
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pole of Filters 
Jn order to get the steady DC output from the pulsating 
voltage normally, a capacitor 1s connected across the output 
terminals (parallel to load R,). An inductor can also be used 
in series for the same purpose. 

As these additional circuits appear to filter out the AC 
ripple and provide a pure DC voltage, so they are called 
filters. 


DC component 


(b) 


A full wave rectifier with capacitor filter Fig. (a) and 
input and output voltage of rectifier in Fig. (b) 


Let us discuss the role of capacitor in filtering. When the 
voltage across the capacitor is rising, it getsicharged. If there 
is no external load, it remains charged tothe peak voltage of 
the rectified output. When there is.a load, it gets discharged 
through the load and the voltage across it begins to fall. In 
the next half cycle of the rectified output, it again gets 
charged to the peak value (see the above figure). The rate of 
fall of voltage across the capacitor depends upon the inverse 
product of capacitor C and the effective resistance R, used 
in the circuit and is known as time constant. To make the 
tme constant large value of C should be large. So, capacitor 
Input filters use large capacitors. The output voltage 
obtained by using capacitor input filter is nearer to the peak 
Voltage of the rectified voltage. 


CHAPTER PRACTICE 
(SOLVED) 


OBJECTIVE Type Questions 


l. The conductivity of a semiconductor increases 
with increase in temperature, because 
NCERT Examplar 
(a) number density of free current carriers increases 
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(b) relaxation time increases 

(c) both number density of carriers and relaxation 
time increase 

(d) number density of carriers increases, relaxation 
time decreases but effect of decrease in relaxation 
time is much less than increase in number density 


2. The substance which is doped in an intrinsic 
semiconductor to make p-type semiconductor is 
(a) phosphorus (b) antimony 
(c) aluminium (d) arsenic 


3. A220 V AC supply is connected between points 
A and B (figure). What will be the potential 
difference V across the capacitor? 

NCERT Examplar 


(a)220V  (b)110V (OV (d) 220/2V 


4. The ratio of output frequencies of half wave 
rectifier and a full-wave rectifier, when an input 
of frequency 200 Hzis fed at input? 

(a) 1:2 (b) 2:1 
(c) 4:1 (d) 1:4 


Directions (Q. Nos. 5-7) In the following 
questions, two statements are given- one labeled 


Assertion (A) and the other labelled Reason (R). 


Select the correct answer to these questions from 
the codes (a), (b), (c) and (d) as given below 
(a) Both Assertion and Reason are true and Reason is 
the correct explanation of Assertion. 
(b) Both Assertion and Reason are true but Reason is 
not the correct explanation of Assertion. 
(c) Assertion is true but Reason is false. 
(d) Assertion is false but Reason is true. 


5. Assertion The conductivity of an intrinsic 
semiconductor depends on its temperature. 


Reason The conductivity of an intrinsic 


semiconductor is slightly higher than that of a 
lightly doped p-type semiconductor, 


6. The ability of a junction diode to.......... an 
alternating voltage, is based on the fact that it 
allows current to pass only when it is forward 
biased. Delhi 2020 


T. Theiss , a property of materials C, Si and Ge 
depends upon the energy gap between their 
conduction and valence bands. 
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VERY SHORT ANSWER Type Questions 


8. 


10. 


11. 


13. 


14. 


15. 


16. 


fZ. 


Sn, C and Si, Ge are all group XIV elements. Yet, 
Sn is a conductor, C is an insulator while Si and 
Ge are semiconductors. Why? NCERT Exemplar 


- Show variation of resistivity of Si with 


temperature in a graph. Delhi 2014 


Is the ratio of number of holes and the number 
of conduction electrons in an n-type extrinsic 
semiconductor more than, less than or equal 

to 1? 

How does the width of a depletion region of a 
p-n junction vary, if doping concentration is 
increased? CBSE SQP (Term-]) 


- What do you mean by reverse current in p-n 


junction diode? 
The graph shown in the figure represents a plot 
of current versus voltage for a given 
semiconductor. Identify the region, if any, over 


which the semiconductor has a negative - 
resistance. All India 2013 


Current (mA) 


A 
Voltage (V) 


Can the potential barrier across a p-n junction 
be measured by simply connecting a voltmeter 
across the junction? NCERT Exemplar 


When a voltage drop across a p-n junction 
diode is increased from 0.70 V to 0.71V, the 
change in the diode current is 10 mA .What is 
the dynamic resistance of diode? 


In half-wave rectification, what is the output 
frequency if input frequency is 25 Hz? 


Why are elemental dopants for silicon or 
germanium usually chosen from group XIII or 
group XV? NCERT Exemplar 


SHORT ANSWER Type Questions 


18. 


19. 


Write two characteristic features to distinguish 
between n-type and p-type semiconductors. 

All India 2012 
Can a slab of p-type semiconductor be 
physically joined to another n-type 
semiconductor slab to form p-n junction? 
Justify your answer. 


21. 


22. 


23. 


24; 


25. 


26. 


27. 


28. 


29. 


. Inap 
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-n junction diode the forward bias 


resistance is low as compared to the reverse 


bias resistance. Give reason. 


Briefly explain how a potential barrier is set up 
across a p-n junction as a result of diffusion anq 
drift of the charge carriers. | CBSE 2020 All India 


Explain with the help of a circuit diagram, the 
working of a p-n junction diode as a half-wave 


rectifier. All India 2014 


Write any two distinguishing features between 
conductors, semiconductors and insulators on 
the basis of energy band diagrams. AIl India 2014 


Assuming an ideal diode, draw the output 
waveform for the circuit given in the figure, 
explain the waveform. NCERT Exemplar 


R 


20 sin wt 
= 5V 


The ionisation energy of isolated pentavalent 
phosphorous atom is very large. How is it 
possible that when it goes into silicon lattice 
position, it releases its 5th electron at room 
temperature, so that n-type semiconductor is 
obtained? 


Define the following terms used in electronic 
devices. 

(i) Reverse breakdown voltage 

(ii) V-I characteristic of forward biased diode 


Write the two processes that take place in the 
formation of a p-n junction. Explain with the 
help.of a diagram, the formation of depletion 
region and barrier potential in a p-n junction. 
Delhi 2017 


(i) In the: following diagram, is the junction 
diode forward biased or reverse biased? 


i 
+ 
o 
< 


(ii) Draw the circuit diagram of a full wave rectifier 
and state how it works? All India 2017 C 


Draw a labelled diagram of a full wave rectifier 
circuit. State its working principle. Show the 
input-output waveforms. All India 2019, 20 
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or Draw the circuit diagram of a full wave 
rectifier. Explain its working principle. Draw 
the input and output waveform. All India 2017C 


| 30. Astudent wants to use two p-n junction 
diodes to convert alternating current into 
direct current. Draw the labelled circuit 
diagram she would use and explain how it 
works. CBSE 2018 


3{, There are two semiconductor materials 
Aand B which are made by doping 
germanium crystal with indium and arsenic, 
respectively. As shown in the figure, the 
junction of two is biased with a battery. Will 
the junction be forward bias and reverse 
bias? 


aje] 


LONG ANSWER Type I Questions 


32. Draw the energy band diagram when intrinsic 
semiconductor (Ge) is doped with impurity 
atoms of antimony (Sb). Name the extrinsic 
semiconductor so obtained and majority 
charge carriers in it. CBSE SQP (Term-II) 

33. (a) Explain the formation of energy bands in 

crystalline solids. 
(b) Draw the energy band diagrams of (i) a 
metal and (ii) a semiconductor. 


34, Explain the formation of potential barrier 
and depletion region in a p-n junction diode. 


What is effect of applying forward bias on the 
width of depletion region? Delhi 2020 


35. As we know that an n-type semiconductor 
has large number of electrons but it is still 
electrically neutral. Why? 


LONG ANSWER Type II Questions 


36, (i) State briefly the processes involved in the 
` formation of p-n junction explaining 
clearly how the depletion region is 
formed? 


(ii) Using the necessary circuit diagrams, 
show how the V-I characteristics of a 
p-n junction are obtained in 
(a) forward biasing (b) reverse biasing 
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How are.these characteristics made use of in 
rectification? Delhi 2014 


37. An AC signal is fed into two circuits X and Y and 
the corresponding output in the two cases have 
the waveforms as shown in below. 


(i) Identify the circuits X and Y. Draw their 
labelled circuit diagrams. 
(ii) Briefly explain the working of circuit Y. 
(iii) How does the output waveform circuit Y get 
modified when a capacitor is connected across 


the output terminals parallel to the load 
resistor? 


NUMERICAL PROBLEMS 


38. Assuming that the two diodes D, and D, used in 
the electric circuit as shown in the figure are ideal, 
find out the value of the current flowing through 
1 Q resistor. Delhi 2013, (2M) 


39. The impurity levels of dopped semiconductor are 
30 eV below the conduction band. Determine 
whether the semiconductor is n-type or p-type. At 
the room temperature, thermal collisions occur as 
a result of which, the extra electron loosely bound 
to the impurity ion gets an amount of energy kT 
and hence this electron can jump into conduction 
band. What is the value of T? Take, k is Boltzmann 
constant = 8.62 x 107° eV/K. 


40. Apotential barrier of 0.4 V exists across p-n 


junction. 

(i) If the depletion region is 4.0x 107 m wide, 
what is the intensity of the electric field in this 
region? l 

(ii) If an electron with speed 4 x 10° m/s 


approaches the p-n junction from the n-side 
find the speed with which it will be p-side, ' 
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41. If each diode in figure has a forward bias 
resistance of 25 Q and infinite resistance in 
reverse bias, what will be the values of the 
currents ],, I, I, and I,? 


I, 125 Q 


5V 


42. In half-wave rectification, what is the output 
frequency, if the input frequency is 50 Hz? 
What is the output frequency of a full wave 
rectifier for the same input frequency? NCERT 


43. 


Predict the effect on the electrical properties of 
a silicon crystal at room temperature, if every 
millionth silicon atom is replaced by an atom of 
indium. Given, concentration of silicon atoms 

= 5x10” m, intrinsic carrier concentration 
=1.5x10fm, H, = 0135 m?/V -sand 

H, = 0.048m?/V-s. 


| HINTS AND SOLUTIONS | 


L (d) The conductivity of a semiconductor increases with 
increase in temperature, because the number density of 
current carriers increases, relaxation time decreases but 
effect of decrease in relaxation is much less than 
increase in number density, 

2. (c) In an intrinsic semiconductor, when an impurity of 
trivalent group such as aluminium, boron, etc., mixed in 
very small quantity, then the resultant crystal will be 
p-type semiconductor. 


3. (d) As p-n junction conducts during positive half cycle 
only, the diode connected here will work is positive half 
cycle. Potential difference across C = peak voltage of the 
given AC voltage = V, = Vms V2 = 220V2 V, 

4. (a) Output frequency of full wave rectifier is twice the 
output frequency of half wave rectifier. 

š J itt wave = 1 
Í full wave 2 


5. (c) The conductivity of an intrinsic semiconductor is 
less than that of a lightly doped p-type semiconductor. 

6. rectify ` 

7. conductivity 


8. A material is a conductor, if in its energy band diagram, 
there is no energy gap between conduction band and 


10. 


1i. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 
19. 
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valence band. For insulator, the energy gap is large and 
for semiconductor, the energy gap is moderate. p 
The energy gap for Sn is 0 eV, for C is 5.4 eV, for Si ís 
1.1 eV and for Ge is 0.7 eV, related to their atomic size, 
Therefore, Sn is a conductor, C is an insulator and Ge 
and Si are semiconductors. 

Graph of resistivity of Si as a function of temperature is 
given alongside (resistivity of metals increases with 
increase in temperature). 


Resistivity 
p (102 Q-m) 


O 50 100 150 
Temperature T (K) 


The ratio of number of holes and the number of 
conduction electrons in an n-type extrinsic 
semiconductor is less than 1. - 


The width of a depletion region of a p-n junction of 
inversely proportional to the concentration of dopants. 
So, if the doping concentration is increased, then the 
width of depletion region decreases. 
When a diode is reversed biased, then very small current 
due to minority charge carries flows across the junction. 
This current is called reverse current. 
Resistance of a material can be found out by the slope of 
the curve V versus I. Part BC of the curve shows the 
negative resistance as with the increase in current, there 
is a decrease in voltage. 
We cannot measure the potential barrier across a 
p-n junction by a voltmeter because the resistance of 
voltmeter is very high as compared to the junction 
resistance. 
The dynamic resistance of a diode is 

r, = Change in diode voltage (AV) 

qd "Chance in 

Change in diode current (Al) 
Here, AV = 0.71 - 0.70 = 001 Vand Al = 10mA=10x10° A 
0.01 


r= =R 
10x 1073 


The output frequency of a half-wave rectifier is same as 
that as input frequency, i.e, 25 Hz. 


The size of the dopant atom should be such that their 


| 
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90. It is because in forward biased condition, the potential 
barrier is low in p-na junction as compared to that in 
reverse biased condition. So, the resistance is low in 
forward biasing as compared to that in reverse biasing. 


21. Refer to text on page 530. 
22. Refer to text on page 532. 
93. Refer to text on page 526. 


94. When the input voltage is equal to or less than 5 V, 
diode will be reverse biased. It will offer high resistance 
in comparison to resistance (R) in series. Now, diode 
appears in open circuit. The input waveform is then 
passed to the output terminals. The result with sine 
wave input is to dip off all positive going portion 
above 5 V. 

If input voltage is more than + 5 V, diode will be 
conducting as if forward biased offering low resistance 
in comparison to R. But there will be no voltage in 


output beyond 5 V as the voltage beyond + 5 V will 
appear across R. 


When input voltage is negative, there will be opposition 
to 5 V battery. In p-n junction, input voltage becomes 
more than — 5 V, the diode will be reverse biased. It will 
offer high resistance in comparison to resistance R in 
series. Now, junction diode appears in open circuit. The 


input waveform is then passed on to the output 
terminals. 


The output waveform is shown here in the figure 
Voltage 


+5V 


25. Refer to text on page 529. 
26. (i) Refer to text on page 532. 
(ii) Refer to text on page 531. 
27. Refer to text on page 530. 
28. Refer to text on pages 531 and 532. 
29. Refer to text on page 532. 
30. 


A rectifier is used to convert alternating current into 
direct current, whose labelled circuit is given below. 


Centre tap transformer 
A Or 


Circuit diagram of full wave rectifier 


Working 


31. 


32. 


During the positive half cycle of the input AC, the diode 
D, is forward biased and the diode D, is reverse biased. 
The forward current flows through diode D}. 

During the negative half cycle of the input AC, the 
diode D, is reverse biased and diode D, is forward 
biased. Thus, current flows through diode D,. Thus, we 
find that during both the halves, current flows in the 
same direction. 


Input 


form atB waveform at A 


O 


Input 


Due to! Due to 
D; A Do 


' 
i 
t 
' 
' 
V 


o 

A 

oO 

z 

(w) 

d 

Oo 
oS 


Output 
waveform (across R) wave 


As, semiconductor A is doped with indium, so it behaves 
as p-type semiconductor and B is doped with arsenic, so it 
behaves as n-type semiconductor. Thus, the figure shows 
that it is forward bias condition. 

When intrinsic semiconductor (Ge) is doped with 
impurity atoms of antimony (Sb), which is a pentavalent 
atom, the extrinsic semiconductor so formed is of n-type. 
The energy band diagram for n-type semiconductor 
In extrinsic semiconductors, additional energy states 

due to donor impurities (E p) also exist. In the energy 
band diagram of n-type semiconductor, the donor 
energy level Ep is slightly below the bottom Eo of 
conduction band and the electrons from this level move 
into conduction band with very small supply of energy. 


Ep(Donor energy 
level) 


Electron energy 


In n-type semiconductor, the majority charge carriers 
are electrons. 
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33. 


34. 


35. 


36. 


(a) Refer to text on page 526, 
(b) Refer to text on Page 526. 
Refer to text on page 530. 


On applying forward bias, the width of the depletion 
Tegion decreases. 


n-type semiconductor is formed by doping it 

with pentavalent impurities. These impurities or dopant 
takes the atoms in the crystal and its four electrons take 
part in chemical bonding with four electrons of intrinsic 
semiconductor or pure semiconductor. Whereas the last 
electrons are left free. Since, as whole atom is 


electrically neutral, so n-type semiconductor is also 
neutral. 


(i) Refer to text on page 530. 
(ii) (a) Refer to text on page 531. 
(b) Refer to text on pages 531 and 532. 


37. (i) X-Half wave rectifier 


38. 


39. 


Y-Full wave rectifier. 
(ii) Refer to text on pages 532 and 533, 


(iii) Refer to text on pages 532 and 533, 


According to the question, 


Equivalent resistance, Rap = 2+1=3 2 


i 1.1342, 5 
R 23 6 6 
or R'=fQ 
V 6 
=> Ir = — =— =5A 
T. RE iS 


The separation of impurity energy level from 
conduction band is less in case of n-type semiconductor 
and more in case of p-type semiconductor, As, energy 
separation of impurity is 30 x 10° eV is much smaller 
than energy gap of pure semiconductor, i.e. E = 1 eV, 
Therefore, the doped semiconductor is n-type. 
E, =30x10° eV=kT 
E, _ 30x10” 


. T=- 2I 34802K 
= k 862x10% 


40. Given, V =0.4V 


(i) d=4x10’m,E =? 
V 04 6 
i d, E = — = ——— =1x10° V/m 
Electric fiel ET 


(ii) v, =4 x10 m/s, v, =? 


4l. 


42. 


43.. 


‘indium atom creates on 
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v, be the speed of electron when it enters 
te fiepletion layer ae v, be the speed when it 
comes out of the depletion layer. l 
According to principle of conservation of energy, 
KE before entering the depletion layer = Gain in PE 

+ KE after crossing the depletion layer 


1 
=> 1 nv? =e x V + —mv? 
2 2 
5 1 xo x10 x (4 x10°)? 
2 


1 a 
=1.6x 107? x04 +5 x9 x10” x y? 


v; =1.39X10 m/s 
Given, forward biased resistance = 25 Q 


Reverse biased resistance = oo 

As the diode in branch CD is in reverse biased which 
having resistance infinite, 
So, I, =0 

Resistance in branch AB = 25 +125 = 150 Q (say R) 
Resistance in branch EF = 25 +125 =150 Q (say R,) 
AB is parallel to EF. 


A Let 1 _ 1 1 2 
So, resultant resistance, — = — + — = —+ — =- 
f R, R, 150 150 150 
=> R’=75Q 
Total resistance, R = R’ + 25 =75 + 25=100 Q 
Current, J, = lan, =0.05A 
R 100 
I =1,+1,+1, (here, I, =0] 
So, 1,=1,+1, 
Here, the resistances R, and R, are same. 
i.e. L=], 
I, = 21, 
I 0.05 
= h = 5-7 = 0.025 A and 1,= 0.025 A 
Thus, 1, =0.05A, I, = 0,025 A, I, =0 
and T, = 0,025 A 


Given, input frequency = 50 Hz 


For a half-wave rectifier, the output frequency is equal 
to the input frequency, 


*. Output frequency = 50 Hz 


For a full wave rectifier, the output frequency is twice 
the input frequency. 


“^. Output frequency = 2 x 50 = 100 Hz. 


As, concentration of Si atom = 5 x1078 /m3 
The doping of indium is 1 atom in 10° 


i. But 
indium has thre atoms of Si. Bu 


e valence electrons and each doped 


e hole in Si crystal. Hence, it acts 
as an acceptor atom. y 
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<». Concentration of acceptor atoms, 

n, = 5X10 x10 É =5x10"/m? 
Intrinsic carrier concentration, n; =1.5 X10% |m? 
+. Hole concentration is increased, 


New electron concentration, 
on _(15x10*) _ 


n, =+ = 0.45 x10" /m? 
n 5x10? 
Electron concentration has been reduced 
l 16 
5X 
=- o = 3,33 x10°/m? 
n 045X1 


This means that the hole concentration has been 
increased over its intrinsic concentration by the same 
amount with which the electron concentration has been 
decreased. 
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The conductivity of doped silicon is given by 
o =e(n,H, +n,H;,) 
=1,6x107°(0.45 x10" x0.135+5%10~ x 0.048) 


= 384 S/m 
~ 1 1 
Resistivity, p = — = — = 0.0026 Q-m 
0 
Conductivity of pure Si crystal, 


o =en(H,+H,) = 1.6x10™ x1.5x10°(0.135+0.048) 
=04392x10°S/m 


1 1 
Resistivity, p = — = ———— = 2276.8 Q-m 
O 0.4392 x10 


Thus, we see that the conductivity of Si doped within 
become much greater than its intrinsic conductivity 
and the resistivity has become much smaller than the 


intrinsic resistivity. 


SUMMARY 


Semiconductors are the basic material used in the present 
solid state electronic devices like diode, transistor, ICs etc. 


Metal have low resistivity (107° to 1078 Q-m), insulators have 


very high resistivity (10° Q-m) while semiconductors have 
intermediately values of resistivity. 


Valence Band is the energy band, which includes the energy 
levels of the valence electrons. This band may be partially or 
complete filled with electrons. 


Conduction Band is the energy band above the valence 
band. At room temperature, this band is either empty or 
partially filled with electrons. 

The minimum energy required for shifting electrons from 
valence band to conduction band is called energy band gap. 
Fermi Energy is the maximum possible energy possessed by 
free electrons of a material at absolute zero temperature. 

An intrinsic semiconductor is also called an undoped 
semiconductor or /-type semiconductor. 

Extrinsic Semiconductor Those semiconductors in which 
some impurity atoms are embedded are known as extrinsic 
semiconductor. 

In n-type semiconductors n, 2 N, while in p-type 
semiconductors N, > > Ng- 


n-type semiconductor Si or Ge is obtained by doping with 
pentavalent atoms (donors) like As, Sb, P, etc., while p-type Si 
or Ge can be obtained by doping with trivalent atom like B, Al, 
In, etc. i 
In all cases, NgNy, = n? further the material possesses an overall 
charge neutrality. 

A p-n junction is an arrangement made by a close contact of 
n-type semiconductor and p-type semiconductor. 

The region on either side of the junction which becomes 
depleted (free) from the mobile charge carriers is called 
depletion region. 

The potential difference developed across the depletion region 


. is called the potential barrier. 


A semiconductor diode is basically a p-n junction with 
metallic contacts provided at the ends for the application of an 
external voltage. 


In forward bias (n-side is connected to negative terminal of the 
battery and p-side is connected to positive), the barrier is 
decreased while the barrier increases in reverse bias. Hence, 
forward bias current is more (mA) while it is very small (A) ina 
pn junction diode. 


Diodes can be used for rectifying an AC voltage. With the help 
of a capacitor or a suitable filter, a DC voltage can be obtained. 
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PRACTICE 
(UNSOLVED) 


OBJECTIVE Type Questions 


Í. In an n-type silicon, which of the following 

statements is correct? 

(a) Electrons are majority charge carriers and 
trivalent atoms are the dopants 

(b) Electrons are minority charge carriers and 
pentavalent atoms are the dopants 

(c) Holes are minority charge carriers and 
pentavalent atoms are the dopants 

(d) Holes are majority charge carriers and trivalent 
atoms are the dopants 


2. Inan unbiased p-n junction, holes diffuse from 

the p-region to n-region because 

(a) free electrons in the nregion attract them 

(b) they moves across the junction by the potential 
difference 

(c) hole concentration in p-region is more as 
compared to hole concentration in n-region 

(d) All of the above 


3. The potential barrier of germanium diode is 
(a) 0.1 V (b) 0.3 V 
(c) 0.5 V (d) 0.7 V 

4. Which of these graphs shows potential 
difference between p-side and n-side of a p-n 
junction in equilibrium? 


(a) p-side n-side (b) p-side 


Junction 
plane 


(c) p-side 


5. Ifreverse biasing potential is increased beyond a 
certain critical (breakdown) value, then 
(a) diode gets destroyed due to overheating 
(b) no current flows through the diode 
(c) after breakdown a heavy current flows from p to 
n-side 
(d) potential barrier becomes zero 


6. Which is reverse biased diode? 


(a) eo WA | 
Sy -10V 
(c) 15V | | (d) 20 V Di | 
10V -5V 


7. The diode shown in the circuit is a silicon diode. 
The potential difference between the points A 
and B will be 

22 ASB 


6V 


(a) 6V osy @07V (0V 


8. The current through an ideal p-n junction shown 
in the following circuit diagram will be 


p_.n 1002 
T 2V | 
(a) zero (b) ImA 
(c) 10mA (d) 30 mA 


VERY SHORT ANSWER Type Questions 


9, At what temperature would an intrinsic 
semiconductor behave like a perfect insulator? _, 


o 


10. 


What type of charge carriers are there in an 
n-type semiconductor? 


if. 


What do you mean by dynamic resistance of 

a p-n junction diode? 

12. Which one of the two diodes D, and D, in 
the given figure is 


(i) forward biased? (ii) reverse biased 


SHORT ANSWER Type Question 


13. Assuming that the resistances of the meters 
are negligible, what will be the readings of 
the ammeters A, and A, in the circuit shown 
in figure? 


202 


(A) 


Q 
LONG ANSWER Type I Question 


14. Distinguish between an intrinsic 
semiconductor and p-type semiconductor, 
Give reason, why a p-type semiconductor 
crystal is electrically neutral, although 
n, >>n,? 
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LONG ANSWER Type II Question 


15. 


= 


6. (b) 7. (a) 


. At OK, intrinsic semiconductor behaves like a perfect 


10. 


12. 
13. 


14. 
15. 


(i) Draw a typical shape of the V-I characteristics 
of a p-n junction diode both in (i) forward (b) 
reverse bias configuration. How do we infer 
from these characteristics that a diode can be 
used to rectify alternating voltages. 

(ii) Draw the circuit diagram of a full wave rectifier 
using a centre tap transformer and two p-n 
junction diodes. Give a brief description of the 
marking of this circuit. 


| ANSWERS | 


(c) 2. (c) 3. (b) 


8. (a) 


4. (c) 5. (c) 


insulator. 


Majority charge carriers are electrons and minority charge 
carriers are holes. 


- It is the ratio of small change in voltage to the small change 


; AV 
in current produced, r; = ar 


(i) D, (ii) D, 


In the given circuit, the diode is reverse biased . In the 


upper port of the circuit, no current flows through the 
upper resistance. 


Reading of ammeter, A, =0 


Reading of ammeter, A, = os O2A 
20 


Refer to text on pages 527 and 528, 


(i) Refer to text on pages 531 and 532, 
(ii) Refer to text on page 532, 


SAMPLE QUESTION PAPER Í 


A HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XII EXAMINATIONS 


P 


HYSICS ctuuy SOLVED) 


GENERAL INSTRUCTIONS 
1, All questions are compulsory. There are 33 questions in all. 
2. This question paper has five sections: Section A, Section B, Section C, Section D and Section E. 


3, Section A contains ten very short answer questions and four assertion reasoning MCQs of 1 mark 
each, Section B has two case based questions of 4 marks each, Section C contains nine short answer 
questions of 2 marks each, Section D contains five short answer questions of 3 marks each and 
Section E contains three long answer questions of 5 marks each. 


4, There is no overall choice. However internal choice is provided. You have to. attempt only one of the 


choices in such questions. 


TIME : 3 HOURS 


SECTION-A 


All questions are compulsory. In case of internal 
choices, attempt anyone of them. 


L. 


2. 


3. 


4, 


5. 


A photon and an electron have the same 
de-Broglie wavelength, which one has higher 
total energy? 


Name any one method by which eddy currents 
can be minimised in the metal core of 
transformer on which coils are wound. 

Or 
Find the self-inductance of a coil, in which 
magnetic flux of 40 mWb is produced when 2A 
current flows through it. 


When a ray is refracted from one medium to | 
another, the wavelength changes from 6000 A 
to 4000 A. Find the critical angle for the 
interface. 


Write any two distinguishing features between 
conductors, semiconductors and insulators on 
the basis of energy band diagrams. 


A magnet of magnetic moment 2.5 A-m’, 
weighs 66g. If the density of the material of 


T 


MAX. MARKS : 70 


the magnet is 7500 kg m~’, then find the 
intensity of magnetisation. 

Or 
An electron moves in a circular path of 
radius 15 cm in a magnetic field of 4 G. Find 
the velocity of the electron in this field. 


Four nuclei of an element undergo fusion 
to form a heavier nucleus, with release of 
energy. Which of the two—the parent or 
the daughter nucleus—would have higher 
binding energy per nucleon? 

Or 
If the orbital radius of the electron in a 
hydrogen atom is 4.7 x 107" m. Compute 
the kinetic energy of the electron in 
hydrogen atom. 


In photoelectric effect, if the intensity of 
light is doubled, then what will be the 
change in maximum kinetic energy of 
photoelectrons? 


When a charged capacitor is disconnected 
from a battery and if its plates are 
separated further, then find the change in 
its potential energy. 


p 
” 
EA 
> 
-i 
= 
* 


> 
— 
t at 
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Ne oun 
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\ 4 
f 
if 
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SECTION-B 


Questions 15 and 16 are case study based questiong 
and are compulsory. Attempt any 4 sub parts from 
each question. Each question carriers 1 mark, 


9. What is the frequency range of visible rays? 


10.4 p-n junction diode is forward biased. 
Write the effect on its potential barrier. 
Or 
What do you mean by reverse current in p-n 
Junction diode? 
For question numbers 11, 12, 13 and 14, two 
Statements are given-one labelled 


Assertion (A) and the other labelled Q= Í Idt. Further, electric energy delivered 
Reason (R). Select the correct answer to these as : 
questions from the codes (a), (b), (c) and (d) as per unit time by a source, i.e. pows, 
given below. = —, where AF is the energy delivered by 
(a) Both A and R are true and R is the correct At 
explanation of A. 


(b) Both A and Rare true but Ris not the correct 
explanation of A. 


(c) A is true but R is false. 
(d) A is false and R is also false. 


Electric Pulse A 
15. We define average current as I,, = =~ and 


da . 
instantaneous current as J = T Obviously, 


the source in time At. 

In a certain accelerator, electrons emerge 
with energies of 40.0 MeV (1MeV 

=1.60 x 10-"J). The electrons do not emerge 
in steady stream, but in pulses that repeat 
250 times per second. 


j 


11. Assertion If a proton and an o.-particle 
enter a uniform magnetic field 
perpendicularly with the same speed, the 
time period of revolution of particle is i 
double than that of proton. 
Reason In a magnetic field, the period of 
revolution at a charged particle is directly 


200 ns 
4.00 ms A k 


—>t (s) 


o 


proportional to the mass of the particle and 
inversely proportional to the charge of 
particle. 


12. Assertion If the inner solenoid was much 


shorter than (and placed well inside) the 
outer solenoid, then we could still have 
calculated the flux linkage Nọ}. 

Reason The inner solenoid is effectively 
immersed in a uniform magnetic field due to 
the outer solenoid. 


13. Assertion Propagation of light through an 


optical fibre is due to total internal 
reflection taking place at the core-clade 
interface. 

Reason Refractive index of the material of 
the core of the optical fibre is greater than 
that of air. 


14. Assertion Photocell is also called electric 


eye. 
Reason Photocell can see the things placed 
infront of it. 


This corresponds to a time between each 
pulse of 4.00 ms in figure. Each pulse lasts 
for 200 ns and the electrons in the pulse 
constitute a current of 250 mA. The current 
is zero between the pulses. While the pulse 
is ON, the current is constant. 


(i) Which of the following relation is 


correct for conductivity o of solid 
conductor? 


(ii) The charge delivered by the acceleration 
per pulse is 
(a) 5.00x 10°C (b) 5.00x 10® C 
(c) 10.00x 10°C (d) 10.00x 10® C 


sAMPLE QUESTION PAPER Í 


(iii) The number of electrons delivered per 
pulse is 
(a) 6 x10" (b) 6 x 10° 
(c) 3.13x 10" (d) 3.13x 10" 


(iv) The average current delivered by the 
acceleration is 
(a) 12.5 A (b) 12.5 mA 
(c) 12.5pA (d) 1.25 A 

(v) The maximum power delivered by the 
electron beam is 
(a) 100W 
(c) 1MW 


(b) 10 kW 
(d) 10 MW 


Total Internal Reflection 


16. Total internal reflection is the phenomenon 
of reflection of light into denser medium at 
the interface of denser medium with a rarer 
medium. Light must travel from denser to 
rarer and angle of incidence in denser 
medium must be greater than critical angle 
(i.) for the pair of media in contact, we can 


show u = 


i ' Water-air 


Om D Ox interface 


Totally 


Denser reflected ray 


medium 
(water) 


(i) In total internal reflection, 

(a) light ray travelling through a denser 
medium is completely reflected back to 
denser medium 

(b) light ray travelling through a denser 
medium is completely refracted to rarer 
medium 

(c) light ray is partially reflected back to 
denser medium and partially refracted to 
rarer medium 

(d) light ray is absorbed completely by denser 
medium 

(ii) Total internal reflection of a light ray 
travelling from denser medium to rarer 
medium occurs only when angle of 
incidence is 

(a) 45° 

(b) 90° 

(c) acute 

(d) more than a certain value 
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(iii) Critical angle for water-air interface is 
48.6°, What is the refractive index of 


water? 
(a) 1 (b) 3/2 
(c) 4/3 (d) 3/4 


(iv) Light is travelling from air to water at 
Zi =50°, which is greater than critical 
angle for air-water interface. What 
fraction of light will be totally 


reflected? 
(a) 100% (b) 50% 
(c) 25% (d) None of these 


(v) Critical angle for glass-air interface 
where refractive index p of glass is 3/2 
is 


(a) 41.8° (b) 60° 
(c) 30° (d) 44.3° 
SECTION-C 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


17. 4 germanium p-n junction diode is 
connected to a battery with milliammeter in 
series. What should be the minimum voltage 
of battery, so that current may flow in the 
circuit? What happens, if the diode is now 
made of silicon? Give reason for your answer. 


18 


Ina region of uniform magnetic induction 
B=10~ T,a circular coil of radius 30 cm and 
resistance m°Q is rotated about an axis 
which is perpendicular to the direction of B 
and which forms a diameter of the coil. If 
the coil rotates at 200 rpm, find the 
amplitude of the alternating current induced 
in the coil. i 

Or A coil Q is connected to low voltage bulb B 
and placed near another coil P as shown in 
the figure. Give reasons to explain the 
following observations. 


(i) The bulb B lights. 
(ii) Bulb gets dimmer, if the coil Q is moved 


towards left. 


AC source 
B 


1—0 P 


t 


£ 
S 


A 
> 
ae 
oO 
we 
Z 
=}. 
as 
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19. Suppose that, the electric field part of an 


electromagnetic wave in vacuum is 
E=(3.1N / ©) cos[(1.8 rad /m)y 
+5.4x 10° rad/s)tli 
(i) What is the direction of propagation? 
(ii) What is the wavelength A? 


20. As the switch S is closed in the circuit 


shown in figure below, then find current 
passed through it 


10V 49 cœ 2Q 5y 


Three materials A, B and C have electrical 
conductivities o, 25 and 20, respectively. 
Their number densities of free electrons are 
n, 2n and n, respectively. For which material, 
is the average collision time of free electrons 
maximum ? 


21. Write some important properties of electric 


field lines. 
Or 


Rank the Gaussian surfaces as shown in the 
figure. In order of increasing electric flux, 
starting with the most negative. 


22. (i) Which lens is used as a magnifying lens? 


(ii) Raghav's grandfather was using 
spectacles of power — 1D for distant 
vision. Now, he also needs to use 
reading glass of +0.2D. Explain it. 


23. Two electric bulbs P and Q have their 


resistances in the ratio of 1: 2. They are 
connected in series across a battery. Find 
the ratio of the power dissipation in these 


bulbs. 


24. 


25. 
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Two wavelengths of sodium light 590 nm, 
596 nm are used in turn to study the 
diffraction taking place at a single slit 
aperture 2x 10 “ cm. The distance between 
the slit and the screen is 1.5 m. Calculate 
the separation between the positions of first 
maximum of the diffraction pattern obtaineg 
in the two cases. 


The mass of a nucleus is less than the sum 
of the masses of constituent neutrons and 
protons. Comment. 


SECTION-D 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


26. 


Energy level (eV) 


Or 


Hydrogen spectrum consists of discrete 
bright lines in a dark background and it is 
specifically known as hydrogen emission 
spectrum.There is one more type of 
hydrogen spectrum that exists where we get 
dark lines on the bright background, which 
is known as absorption spectrum. 

Line spectra of the hydrogen atom is given 
below, whose series limit corresponds to the 
wavelength for n = œ, 


lonised atom 


n=1 


By using above spectra, write the expression 

for the series limit for all the series obtained. 

(i) Using Bohr's second postulate of 
quantisation of orbital angular 
momentum, show that the circumference 
of the electron in the nth orbital state 
In H-atom is n-times the de-Broglie 
wavelength associated with it. 

(ii) The electron in H-atom is initially in the 
third excited state. What is the 
maximum number of spectral lines 
which can be emitted when it finally 
moves to the ground state? 


sAMPLE QUESTION PAPER 1 


| 97. A circular coil of 200 turns and radius 10 cm 
is placed in a uniform magnetic field of 0.5 
T, parallel to the plane of the coil. If the 
current in the coil is 3 A, then calculate the 
(i) total torque on the coil, 
(ii) total force on the coil and 


(iii) average force on each electron in the 
coil, due to the magnetic field. 
Assume the area of cross-section of the wire 
to be 10% m? and the free electron density 
is 10° m 
28, What are extrinsic semiconductors? On the 
basis of valence band model, explain how 
can a pure semiconductor of Ge or Si be 
converted into n-type semiconductor? 
99, (i) How does the choke coil help in the 
working of tubelight? 
(ii) What is the effective resistance of a 
choke coil? 


(iii) How can one reduces high frequency 


alternating current? What should be 
changed to reduce low frequency AC ? 


30. Describe a photo-cell and mention few of its 
applications. 
Or 
What are the observations made from the 
expression of de-Broglie wavelength? 


SECTION-E 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


31. (i) A point charge is placed at the centre of 
spherical gaussian surface. How will the 
electric flux ọ change, if 

(a) the sphere is replaced by a cube of 
same or different volume? 
(b) a second charge is placed near and 
outside the original sphere? 
(c) the original charge is replaced by an 
electric dipole? 
(ii) Two point charges q} = 3pC and 
qp =—3yC are located 20 cm apart in 
vacuum. What is the electric field and 
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its direction at the mid-point 0 of the 
line AB joining the two charges? 

Or (i) A molecule of a substance has a 
permanent electric dipole moment of 
magnitude 10~”°C-m. A mole of this 
substance is polarised (at low 
temperature) by applying a strong 
electrostatic field of magnitude 
10° Vm™. The direction of the field is 
suddenly changed by an angle of 60°. 
Calculate the heat released by the 
substance in aligning its dipoles along 
the new direction of the field. 


(ii) A capacitor of 2uF is charged as shown 
in the figure. When the switch S is 
turned to position 2, then find the 
percentage of its stored energy 
dissipated. 


32. (i) Unpolarised light is passed through a 
polaroid P,. When this polarised beam 
passes through another polaroid P, and if 
the pass axis of P, makes an angle 6 with 
the pass axis of P,, then write the 
expression for the polarised beam passing 
through P,. Draw a plot showing the 
variation of intensity, when 6 varies from 
0 to 2n. 


(ii) What do you understand by sign 
convention in measuring distances for 
lenses? Write it in your own words. 

Or (i) A ray of light falls on a transparent — 
sphere with centre C as shown in the 
figure. The ray emerges from the sphere 
parallel to the line AB. Find the angle of 
refraction of A, if the refractive index of 
material of sphere is J3. Also draw the 
refracted ray in the given figure. 


ž 
Z 
2 
z 
: 
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(ii) The image obtained with a convex lens 
is erect and its length is four times the 
length of the object. 


If the focal length of the lens is 20 cm, 
calculate the object and image 
distances. 


33. (i) A solenoid of length 0.5 m has‘a radius 
of 1 cm and is made up of 500 turns. It 
caries a current of 5A. What is the 
magnetic field inside the solenoid? 


(ii) A solenoid of length 1.0 m and 3.0 cm 
diameter has 5 layers of windings of 850 
turns each and carries a current of 5A. 
What is the magnetic field at the centre 
of solenoid? Also, calculate the 
magnetic flux from a cross-section of 
the magnetic flux solenoid at the centre 
of solenoid. 
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(iii) Two long parallel straight wires A and p 
carrying currents of 4.0 A and 5.0 A in 
same direction separated by a distance 
of 4x10’ m. Calculate the force on a 
0.20 m section of wire A and its 
direction. 


Or 


(i) The earth’s magnetic induction at a 
certain point is 7x 10°” Wbm~?, This 
is to be annulled by the magnetic 
induction at the centre of a circular 
conducting loop of radius 5 cm. Find the 
required current in the loop. 


(ii) Is it possible to have a magnetic field 
configuration with three poles? 


Also, if magnetic monopoles existed, 
how would Gauss’s law of magnetism be 
modified? 

(iii) A solenoid has core of a material with 
relative permeability 400. The windings 
of the solenoid are insulated from the 
core and carry a current of 2A. 


If the number of turns is 1000 per 
metre, calculate (a) H and (b) M. 


SOLUTIONS 


1. Total energy of an electron, E, = mc? 
Total energy of a photon, E,= = 


de-Broglie wavelength of electron of mass m moving 
with velocity v, 


PEELA 
mv 
=> m= h 
Av 
2 hc? 
~. Energy of an electron, E, =mc* = pTi 
ho? 
bn WE 
E, he vyv 
À 
` Asc >> v, therefore the total energy of electron is 
more than the total energy of photon. [1] 
2. Eddy currents are minimised by using laminations 
of metal to make a metal core. [1/2] 


This laminations reduces the strength of the eddy 
current. So, the dissipation of the strength of electric 
current or heat loss is substantially reduced. [1/2] 


Or 
Here, $ = 40 MWb = 40 x 1073 Wb 
and /=2ĄA 


Self-inductance, L = $ 
l [1/2] 


_ 40x10% = 
Ta = 2x 10? We ray 
1 
AS, la Ee 
ible nC 
Hy 2 sinc [1/2] 
6000} 
4000 sinc 


or C= sin“(2) 
3 [1/2] 


SAMPLE QUESTION PAPER Í 


4. 


5. 


Conductor (Metal) In conductor, either there is no 
energy gap between the conduction band which is 
partially filled with electrons and valence band or the 
conduction band and valence band overlap each 
other. 


Thus, many electrons from below the fermi level can 
shift to higher energy levels above the fermi level in 
the conduction band and behave as free 

electrons by acquiring a little more energy from any 
other sources. 


Conduction Conduction 


E,ifiiiiiiil 
e, (LL 


Ci eee 
—j———"\ 9 
á Valence 


For metals 


pe 


| 
a 
o 
w 
= | 
Qa 
Overlap, 
area 


Insulator In insulator, the valence band is 
completely filled, the conduction band is completely 
empty. In this, energy gap is quite large and even 
energy from any other source cannot help electrons 
to overcome it. 


Thus, electrons are bound to valence band and are 
not free to move. Hence, electric conduction is not 
possible in this type of material. 


Empty conduction band 


Fel 
3 Cc 
o 
S 
£ E> 3eV 
2 
g 
w |Ev 


Valence 
Oo o 
Semiconductor In semiconductor, the valence 
band is totally filled and the conduction band is 
empty but the energy gap between conduction 


band and valence band, unlike insulators is very 
small. 


Thus, at room temperature, some electrons in the 
valence band acquire thermal energy greater than 
energy band gap and jump over to the conduction 
band where they are free to move under the 
influence of even a small electric field and acquire 
small conductivity, 


2 +— Conduction 

o C band 

= 

oO 

Cc 

g 

a 

D E 

j Valence band 

-3 

Volime= Mass _ 66x 10 kg 


Density 7500 kgm? [1/2] 
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-5 
_ 86x10" 3 
75 
m 2.5 
Magnetisation, M = — = ———- 
r V 66x10 
75 
=2.84 x 10% Am"! 
Or 
is „= 2B _ 015x16x10" x 4x 107 
' m 9x 1073! 


=107 x10’ m/s 
6. According to question, 
4x4 


(Parent nuclei) 


zÝ“ +Q 
(Daughter nucleus) 
As the daughter nucleus is a heavier nucleus as 


—> 


[1/2] 


[1/2] 
[1/2] 


compared to parent nuclei, which are more stable 


than lighter nuclei, hence daughter nucleus has 
more binding energy per nucleon than parent 
nuclei. 


Or 
` Given, orbital radius, r = 47 x 107''m 


Kinetic energy, 


e? _(9x 10° Nm?/CÊ) (1.6 x 10°C)? 


~ BrEgr (2) (47 x 107"'m) 
=2.45x107'8 J 

=2.45x107'8/16 x107"? eV 
=15.3eV 


7. The maximum kinetic energy of emitted 
photoelectrons depends on the frequency of 


[1/2] 


[1/2] 


radiation source and nature of the material of plate, 


but is independent of the intensity of light. 
So, it will remain unchanged. 


u 


8, When a charged capacitor is disconnected froma 
battery and if its plates are separated further, then 


its potential energy will rise. 
Since, charge, Q = constant 


Q? Quy 

and potential energy, E = — = ——. 

i i 2C  2&A 
where, d is the separation between the plates. 


So, E«d 


[1/2] 


Thus, with the increase ind, E also increases/rises. 


9. The frequency range of visible rays is 
4 x 10' Hz to 8 x 10™Hz. 


[1/2] 


{1} 


‘= 
= 
=e 
Fr 
© 
< 
ez: 
J 


ir a 
‘<= 
© 
A 
ž 
= 
as 
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10. As p-n junction diode is forward biased, so the 


applied voltage opposes the barrier voltage. Due to 
this, the potential barrier across the junction Is 
lowered. [1] 


Or 


When a diode is reversed biased, then very small 
Current due to minority charge carrier flows across 
the junction. This current is called reverse current. [1] 


11.(a) Time period, T = Em STan 
q 


TEON 


=> le = 27, 
Therefore, both A and R are true and R is the correct 
explanation of A. [1] 


12. (a) If the inner solenoid was much shorter than (and 
placed well inside) the outer solenoid, then we 
could still have calculated the flux linkage Nii 
because the inner solenoid is effectively immersed 
in a uniform magnetic field due to the outer 


solenoid. 
Therefore, both A and R are true and R is the correct 
explanation of A. [1] 


13. (b) Optical fibre communication is based on the 
phenomenon of total internal relection atcore-clad 
interface. 


The refractive index of the material of core is higher 
than that of the cladding, hence light striking at 
core-cladding interface gets totally internally 
reflected. The light undergoes repeated total internal 
reflection and reaches the other end of the fibre. 


Therefore, both A and R are true but R is not the 
correct explanation of A. [1] 


14. (c) Photocell is technical application of the 
photoelectric effect. It is a device which converts 
light energy into electric energy. It is also called an 
electric eye. Photocell are used in the reproduction 
of sound in motion picture and in the television 
camera. 


Therefore, A is true but R is false. [1] 


15. (i) (a) The correct relation of conductivity of a solid 
2 


conductor is o = 2- T: 
m 11] 
(ii) (b) Here, current, /= 250 x 1073A 


Time, t = 200 ns = 200 x 107%5 
So, charge delivered by the acceleration per pulse 
Qpuise 


ie. /=—— 


t 
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-3 -9 
= Opuigo = It = (250 x10™A) (200 x 10s) 


=5.00x 10? C i 
(iil) (c) Number of electrons delivered per pulse, 
Qpuise _ 5.00x 107? C 
e  - 1.6x 10°C 
= 3.13x 10"' electron / pulse 1) 


n= 


(iv) (c) Average current delivered by the acceleration, 


Ww aodnieee S n 

(v) (d) Maximum power delivered by the electron beam, 
pote 
~ At 


_ (3.13x 10" electrons /pulse) (40.0 MeV/ electron) 
2.00x 107” s/ pulse 


= (6.26x 10!? MeV/s) (1.6x 10-9 J / MeV) 
= 1.00% 10’ W= 10.0 MW [1] 


16. (i) (c) In total internal reflection, light travels from an 
optically denser medium to a rarer medium at the 
interface, it is partly reflected back into the same 
medium and partly refracted back to the second 
medium. [1] 

(ii) (d) When the angle of incidence is more than a 
certain value, the angle of refraction becomes more 
than 90°. It result into total internal reflection (critica! 
angle.) [1] 

1 1 


(ili) (c) Critical angle, u = 


(1] 

(iv) (d) Light cannot undergoes total internal reflection 
when it is travelling from air to water, i.e. from rarer to 
denser medium, [1] 


(v) (a) From total internal reflection of light, 
As we know that, t= 


1 gw. 
———e > SINIg =— 
INI uy 


As, sini, =1/ (3/2) == = 0.6667 


ic =Sin~' (0.6667) = 41.8° [1] 


17. The internal potential barrier of germanium is 0.3 V, 
therefore to overcome this barrier the potential of 
battery should be equal to or more thand.3V. [1] 


Thus, the minimum voltage of battery = 0.3 V. If the 
diode is made of silicon, then the value of minimum 


voltage of battery is 0.7 V, as for silicon the potential 
barrier is 0.7 V. [1] 


18. When a coil of N number of turns and area A is 
rotated in external magnetic field B, magnetic flux 


linked with the coil changes and hence an emf is 
induced in the coil, At an instant t, if e is the emf 


sAMP LE QUESTION PAPER 1 b 5] 


induced in the coil, then alternating emf induced Is 10-V 5-V V-0 
given by 7 + Ti = Ea 
e =e, Sinot [1] 
Maximum current, ig = = Ae > 5V =20 
Given, N=1,8=107T oe i 
> iz=V/2 = 4/2 =2A [1] 
| r=30cm=03m 
| i Or 
| A = n(0.3)* mê ne? 
| ‘ Conductivity, o = L 
| Rar Q m 
-200 -1 = Relaxation time, t= 22 
~ 60 ne? 
| onto fee For material A, t4 = 2% 
and @ =2nf =2n (=) ne? [1] 
; 2om om 
jg = 1X 102 x n (03) x27 x200 no maae e N ae 
60 x n° S Dom 
i ) For material C, te. =—> 
=6 x 1077 A= 6 mA [1] ne 
i Or . From the above relations, we can say that, mas 
i a Hos ā 
(i) Due to varying current in coil P, the flux linked with P pe oe m fa 
changes. Hence, flux linked with coil Q changes, 21. Electric field lines follow some important properties — 
which in turn induces an emf in Q. Thus, bulb B which are discussed below = 
lights up. [1] (i) Electric field lines start from positive charges and =< 
(ii) When Q is moved towards left or away from P, less end at negative charges. In the case of a single Ww 
amount of flux change takes place in Q. This leads charge, they may start or end at infinity. © 
to decrease in the value of rate of change of magnetic (i ; . : om 
ii) Tangent to any point on electric field lines shows 
flux and hence, lesser emf and byl Aas immer. [1] the direction of electric field at that point. [1] = 
19, (i) From the given electric field expression, we can (ii) Two field lines can never intersect each other = 
say that wave is propagating along negative because if they intersect, then two tangents drawn 
y-direction or its direction is -}. [1] at that point will represent two directions of field at 
(i) Comparing the given equation with the standard that point, which is not possible. 
equation, (iv) In a charge free region, electric field lines can be 
y taken to be continuous curves without any 
E= Ecosan 2 + n) breaks. i) 
On Or 
we gel, 7 18 rad/m . Since, surface D enclosed negative charge, hence it 
has least flux negative. a 
2m 2x34 
or wavelength, À = i8 18 3.5m i1] In parts C and A, there is zero net charge, hence flux 
. is zero, surface B has most flux, which is positive in 
20. Let V be the potential at C. nature, since it consist positive charge, i.e. +29. [1] 
10V hC h 5V 22. (i) Converging lens, i.o. convex lens. [1/2] 
42 ig 2M (i) The power of spectacles was 1 D, i.e. for an 
22 object at infinity, image is formed at 100 cm by 
the lens. 
S i Power of accommodation gets reduced in old 


age. Generally, the ability of the lens to become 
== thick and reduce its focal length (to see nearly 


Using Kirchhoff's first law, fy +i = /3 [1 objects) is lost. So, near visions affected, this 


A 
E a| 
Z 
© 
N 
T 
= 
<2) 
bo 
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can be corrected by using a convex (converging) 


lens of suitable focal length. 


Here, the reading glass he need is of power + 0.2 
D. This implies his near point has receded to 26.3 
cm from 25 cm. This can be calculated using thin 


lens formula. 
Here, P=+0.2D 
=> f = 5m = 500 cm 
also, u=25cm 
E a _ -19 
v f 25 500 25 500 
> v = —26.3 cm 
23. Given, Pp zt 
Po 2 


Ro =2Rp 
P Q 


H 
In series, power dissipated is given by the relation 
P=/?R 
or PeR 
Po _ Pe 
Ry Ro 
Using Eqs. (i) and (ii), we get 
Pe RAN! 
Py 2Rp 2 
24. Here, 2, = 590 nm = 590 x 1079 m, 
Ao = 596 nm 
= 596 x 10m, 
d =2 x10% cm 
=2x10%m 
and D=15m 


Distance of first secondary maximum from the 
centre of the screen, 


and = Xp=~—? 


[1%] 


(1) 


.. (i) 


(1) 


[1] 


25. 


26. 
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Spacing between the first two maximum of sodium 
lines 


=675x10 m 


=6.75.mm [1] 
When nucleons approach each other to form a 
nucleus, they strongly attract each other. Their 
potential energy decreases and becomes negative, 
It is the potential energy which holds the nucleons 
together in the nucleus. The decrease in PE results 
from the decrease in the mass of nucleons inside 
the nucleons. [2] 
Hence, the mass of the nucleus is less than the sum 
of the masses of constituent neutrons and protons. 
The wavelengths of spectral line in these series can 
be expressed by the following formulae 


(i) For Lyman series 
3 =R & = 3) where n =2,3,4,... 
For, 
(ii) For Balmer series 
> =R & ~ Z) where n=3,45.... 


4 
N=, =— 
R 


For, 
(iii) For Paschen series 


1 1 1 
—=f — — — = oe 
x (= “5 where n=4,56,. 


[1%] 
Fo, n=0,\ = 2 
R 
(iv) For Brackett series 
1 1 1 
~=R (3 - Z wher = 5,6,7.... 
7 r en=5, 
For, n = oo, A= 16 
(v) For Pfund series 
1 1 1 
Tna- = TE: 
7, 53 p ere n=6,7, 
For, N=% = 25 
R [1%] 
Or 


(i) Bohr's second postulate states that, the electron 
revolves around the nucleus in certain privileged 


sAMPLE QUESTION PAPER {Í 


orbit which satisfy certain quantum condition that 
angular momentum of an electron is an integral 


multiple of = where h is Planck's constant. 
T 


i.e. L=mr=— 
QT [1] 


where, m = mass of electron, v = velocity of 
electron and r = radius of orbit of electron. 


os 2mr=n (>) 
| mv 


. Circumference of electron in n th orbit 
=n x de-Broglie wavelength associated with 
electron | = 2] 
mv 
[1] 
(ii) Given, the electron in H-atom is initially in third 
excited state. 
gi n=4 
and the total number of spectral lines of an atom 
that can exist is given by the relation 
_n(n-)) 
n = [1/2] 
Here, n=4 
So, number of spectral lines 
_4(4-1)_4x3_ 
— 
Hence, when a H-atom moves from third excited 
state to ground state, it emits six spectral lines. [1/2] 
27. Given, N = 200 turns, r = 10cm =0.1m,B=05T, 
8 = 90° and /=3A 


6 


(i) As, t = NIAB : 
= 200 x 3x[n(0.1)*] x 0.5 [A= n°] 
=> qt=942 N-m [1] 
(ii) The net magnetic force on circular loop is zero, 
[1/2] 


(iii) Average force on electron, 
F =(e)(vy) B sin 90° 
But, /=neAv, 
[where, A = cross-section of the wire] 


vj =— 
: neA 
l 
F = (e)|— |B 
of) 
_/B_ 3x05 
nA 10x10" 
. 15 
ary 


= F=15x10"N 


[1%] 
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28. Semiconductors in which some impurity atorns are 
embedded are known as extrinsic or impure 
semiconductors. i 
Extrinsic semiconductors are basically of two types 
(i) n-type semiconductors 
(ii) p-type semiconductors 


n-type Semiconductors 

This type of semiconductor is obtained when 
pentavalent impurity such as phosphorus (P), arsenic 
(As), etc is added to Si or Ge. 

During doping, four electrons of pentavalent atom 
bond with the four silicon neighbours while fifth 
remains very weakly bound to its parent atom. Also 
the ionisation energy required to set this electron free 
is very small. 

Hence, these electrons are almost free to move. In 
other words, we can say that these electrons are 
donated by the impurity atoms. 

So, these are also known as donor atoms and the 
conduction inside the semiconductor will take place 
with the help of the negatively charged electrons. 
Due to this negative charge, these semiconductors 
are known as n-type semiconductors. [2] 
Therefore, major conduction in n-type 
semiconductors is due to electrons. So, electrons are 
known as majority carriers and the holes are known 
as the minority carriers. 


This means, h% >> Mhi by >> |, 


: eno 
, i i Pa ie e- unbonded tree 
ATAS SAATAN TT electron donated 
ees ANCU ale by pentavalent 
: t i} (+5 valency) atom 
ee eel 
Te OT OTN e. e 
acces (2 ee M 
e 6 e 
. 1] 
29. (i) Achoke coil reduces the current in the AC circuit 
without any heat loss. [1] 
(ii) The effective resistance of a choke coil 
Z = JR? + (oL)? 
‘ Choke coll is a L-R device. [1] 


(iii) One can control high frequency alternating 
current by using choke coil with air cores, these 
are called rf choke colls. While in case of low 
frequency AC, the core is of laminated soft iron. 


[1] 


rj 
= 
= 
N 
z 
cr 


ay 
= 
5 
© 
e 
‘= 
a 
=). 
ont 
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30 


» Itis a device which converts light energy into 
electrical energy. It is also called an electric eye. As 
the photoelectric current is set up in the 
Photoelectric cell corresponding to incident light, it 
Provides the information about the objects as done 
by our eye in the presence of light. 


Incident 


light 
Collector (Anode) 
Evacuated 
Emitter glass bulb 
(Cathode) L| [O 


[1%] 

A photocell consists of a semi-cylindrical 
photosensitive metal plate C (emitter) and a wire loop 
A (collector) supported in an evacuated glass or 
quartz bulb. When light of suitable wavelength falls 
on the emitter C, photoelectrons are emitted, 

Some applications of photocell are given below 

(i) Used in television camera for telecasting scenes 

and in photo telegraphy. 
(ii) Reproduction of sound in cinema film. 
(iii) Used in burglar alarm and fire alarm. 
Or 

According to de-Broglie hypothesis, the wavelength 
of wave associated with moving material particle is 
given by 


[1%] 


h_Ah 


A= —=— 
p om 
which is the expression for de-Broglie wavelength, 
From the above expression the following 
observations are made 


(i) The de-Broglie wavelength À œ 1 So, if the 


[1] 


particle moves faster, then the wavelength will be 
smaller and vice-versa. 

(ii) If the particle is at rest (v = 0), then the de-Broglie 
wavelength is infinite (A = e). Such a wave 
cannot be visualised. 

(iii) The de-Broglie waves cannot be electromagnetic 
in nature because electromagnetic waves are 
produced by motion of accelerated charged 


particles. 
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(iv) The wavelength of a wave associated with 
moving particle defines a region of uncertainty, 
within which the whereabouts of the particle are 


unknown. [2] 


31. (i) By Gauss's law, 6 = fE-dS = : 


where, g is the net charge enclosed in the gaussian 
surface. 

(a) ¢ does not change because it depends only on 
the total charge enclosed by the gaussian surface 
and not on its shape or size. [1/2] 

(b) ọ will not change because the total flux is 
determined by the charge inside the surface, not 
on the charge outside. [1/2] 

(c) » becomes zero because a dipole consists of two 
equal and opposite charges and so the net 
charge inside the surface is zero. Thus, the flux is 
also zero. [112] 

(ii) Given, AB = 20 cm 


A ~~~ 20 cm ———> B 
O— 
Mm=3uC ` O E, Ep Gg=-3nC 


AO =0B=10cm=0.1m 
qa=3pC=3x10 C 
qg=-3pC=-3x10 êC 


The electric field at a point due to a charge q is 
q 


[1/2] 


where, ris the distance between charge and the 
point. 


Electric field due toq 4 at O, 
Poo Weal” 
4neo (AO)? 
g, = 2X10 x3x107° _ 27x10? 
(0.1)? 0.1x 0.1 
= 2,7 x10" N/C 


The direction of E4 is A to O, i.e. towards Oor 
towards OB as the electric field is always directed 
away from positive charge, [1] 


Electric field due to qa at O, 


Eq = | [gal 
4neo (OB)? 


E = 9x 10°x 3x 1075 
3 >= 
(0.1)? 


sAMPLE QUESTION PAPER | 


_27x 10° 
01x01 
The direction of Eg is O to B, i.e. towards B or 


towards OB as the electric field is always directed 
towards the negative charge. 


= 2.7 x10 N/C 


_ Now, we see that both E4 and Eg are in same 
direction. So, the resultant electric field at O is E. 
Hence, E=E,+&,=27x10°+27 x 108 


=5.4x10°N/C 


The direction of E (resultant electric field) will be from 


O to B or towards B. [2] 
Or 


(i) Here, the dipole moment of each molecule 
=10 ? C-m. 


1 mole of the substance contains 6 x 1023 
molecules. 


Therefore, total dipole moment of all molecules, 

p=6x 10" x 107 %C-m = 6x 107 ê C-m 
Initial potential energy, l 

U=- pEcos@=-6x10"® 

x 10° cos 60° = -3J 

Final potential energy (when 8 = 0°), 
[finally p and E are aligned in the same direction] 

U, =-6 x 10°® x 10® cos 0° = -6 J 
Change in potential energy 

= -6J-(-3J) = -3 J 

So, there is a loss in potential energy. This must 


be the energy released by the substances in the 
form of heat in aligning its dipole. [3] 


(ii) Initially, energy stored in the capacitor can be 
genas E= toy? 


When the switch S is connected to point 2, then 
energy dissipated on connecting across 8 pF will 


be 
E’ 1 CC, 2 
2\C,+C, 
(zey 
2\ 10 
sap TS ye 
2 10 
Therefore ,% loss of energy 
FE’ 1, by? 
=(E) «100% = 2 10 | 400%= 80% 
E —x2xV? 


[2] 


32. 


555 


(i) The figure when unpolarised light beam is passed 
through polaroid light is shown below. 
Unpolarised light P, 


By law of Malus, 


Intensity received after P, =" =2 cos? 0. 


[1] 
Variation of intensity with angle 8 is shown below. 
Intensity 
Scos 8 
0=0° a} @=n o= 3 oa TE a 


(ii) To derive the relevant formulae for refraction by 
spherical lenses, we must first adopt a sign 
convention for measuring distances as shown 

_ below 


Lens 


. Direction of 


Heights |° incident light ——— 


upwards 


positive (0) (Optical centre) ; 
Heights | Distances against — 
downwards |incident light 
negative negative «— Dista along 
incident light 
positive 


According to the cartesian sign convention, 

(a) All the distances are measured from the optical 
centre(O) of the lens. 

(b) The principal axis of lens is taken as X-axis and 
optical centre as origin. 

(c) Distances measured in the direction of the 
incident light are taken as positive and opposite 
to the direction of incident light as negative. 

(d) The heights measured upwards with respect to 
X-axis and normal to the principal axis of the lens 
are taken as positive and the heights measured 


downwards are taken as negative. [3] 


Or 
(i) Given, | = 60° and p = V3 


From Snell's law, we have, 
t ° 
- sin60 L B 


sinr [1] 


= 
= 
= 
=e 
Te 
2 
< 
les 
J 
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Magnetic field at the centre of solenoid, 
B= toNi/I 
= 4n x 107 x (850x 5)x 5/1 
= 2.671x 10°T a 


. Magnetic flux = BA 
2 


22 (3 
= ty «ITF 
=2.671x 102x af > 


sinr = 0.5 


-5 
= r=sin-(05) ee ee 5 i 
=> r=30° [1] (iii) Given, 1, = 4A, /,=5A,d=4x10%m 
(ii) For convex lens For erect image and =/=020m 
u=-Vve,v=+4+ve Force on a current carrying wire, 
-7 
Magnification, m= -= Pa Holla! _ 4nx10" x4x5 020 
O u 2nd 2xnx4x107 
where, O = length of object -5 
=2 X10™ N, towards B , 
and l= length of image. ~~ Ne] 
Given, f =+20cm, / = 4x length of object j ar 
v (i) Magnetic field induced at the centre of a circular 
= —=4 5 — = . 
A = , loop, i.e. 
= => v=-4u [1] p= tol! 
es) Using lens formula, r 
S 11 4 -5_ 4nx10"x! 
er Se => 7x10 
un fv u 2x5x10° 
ad 1 = TEES als = 1$ AD + a "~ Current in the circular loop 
= f (-4u) (-u) f- 4u u a 
1 4-1 3 |=——___=5.6A 
m) >  ~s—_ = 4n x 10° 
ES 20 & u [1%] 
_20x3_ t; (ii) Yes, it is possible to have magnetic field 
= u= F 19 cm [1] configuration with three poles. It can be done by 
=umi5omVvedu 615242606 putting north poles or south poles of two magnets 
Distance of the object, u = 15cm pei 
Distance of the image, v = 60cm Gauss's law of magnetism can be modified as 
The image is on the same side of the object. [1] =B-dS = uom 
33. (i) The number of turns per unit length is B where, ji is the strength of the monopole. [1%] 
N 500 (iii) (a) The field H is dependent of the material core 
n= 7 = E = 1000 turns/m (1/2) and is expressed as 
The length (/) = 0.5 m and radius (r) = 1cm = 0.01 m. H=nl=1000x 2.0 = 2x 103 Am” 
Thus,  l/r=50,ie. l>>r. (b) Magnetisation, 
Hence, we can use the long solenoid formula, i.e. M=(B-, oH) / to 
B=\1onl = 4 x 107 x 10° x 5 As, B= gH 
=6.28x 10° T (1] n M =(B-jtoH)/ Ito 
(ii) Number of turns, N = 850x 5,/=1m,/=5A = (HHOH ~ ptoH)/po 
Area of cross-section, = (it, — 1) H = (400 - 1) x 2x 108 


2 
22 (3 -2) 92 
AES 
A= => (Ex 10 Jm =8x 10° Am (2] 
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A HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XII EXAMINATIONS 


PHYSICS cnsowvep 


GENERAL INSTRUCTIONS 


1. All questions are compulsory. There are 33 questions in all. 


2. This question paper has five sections: Section A, Section B, Section C, Section D and Section E. 
3. Section A contains ten very short answer questions and four assertion reasoning MCQs of 1 mark 


each, Section B has two case based questions of 4 marks each, Section C contains nine short answer 
questions of 2 marks each, Section D contains five short answer questions of 3 marks each and 
Section E contains three long answer questions of 5 marks each. 


4, There is no overall choice. However internal choice is provided. You have to attempt only one of the 
choices in such questions. 


TIME : 3 HOURS MAX. MARKS : 70 c Š 
4. What is the electric field intensity at a point A ty 
SECTION-A between two parallel plates with like charges Ges 
All questions are compulsory. In case of internal of same surface charge densities (6)? [Ans. zero] i, 
choices, attempt anyone of them. Or = : 

1. A telescope consists of two lenses of focal A parallel plate capacitor is made by leo! 
lengths 20 cm and 5 cm. Obtain its stacking n equally spaced plates connected 
magnifying power when the final image is at alternatively. If the capacitance between any 
a aan A om the eye (Ans. — 4.8] two adjacent plates is C, then find the 

a B resultant capacitance. [Ans.(n -01 Q 
A concave lens of focal length 5 cm produces 5. oe emages age in electrical 
R : conductivity o 
an image ; times than that of the size of heating? eae BO erence GP 


the object. Calculate the distance of the 6. What is the number of neutrons in a 
object from the lens. [Ans. -15 cm] 


218 
g, Po" nucleus? [Ans.134] 


2. Electromotive force of primary cell is 2.4 V. 7. A platinum wire has resistance of 10Q at 


When cell is short-circuited, then current 0°C and of 20Q at 273°C. Find the 
becomes 4 A. What is the internal resistance temperature coefficient of resistance of 
of cell? [Ans. 0.6 Q] platinum wire, [Ans.1/213°C"} 


3. Two identical induction coils, each of 8. In the following diagram, is the junction 


inductance L joined in series are placed very diode forward biased or reverse biased? 
close to each other such that the winding 


direction of one is exactly opposite to that ae 


of other. Find the net inductance. | | 
Or A copper loop and a silver loop are removed S 
from a magnetic field in the same i 


A D 
Ro 
time-interval. In which loop will the induced T? 
emf and induced current be greater? ¥ 


= 
a 
> 
© 
F 
Z 
D} 
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9. What is the electrostatic potential at the 
Surface of a silver nucleus of diameter 
12.4 fermi? Atomic number (Z) for silver is 
47, Ans. 109 x 107 V] 


10 


A circular coil of 30 turns and radius 8 cm 
carrying a current of 6 A is suspended 
vertically in a uniform horizontal magnetic 
field of magnitude 1 T. The field lines make 
an angle 60° with the normal of the coil. 
Calculate the magnitude of the counter 
torque that must be applied to prevent the 
coil from turning. [Ans, 3.13 N-m] 

Or 
A conducting loop Carrying a current J is 
placed in a uniform magnetic field pointing 
into the plane of the paper as shown in 
figure. What changes occur in the loop? 

TY 

i Fn 


€-- --3X 


For question numbers 11, 12, 13 and 14, two 
Statements are given-one labelled 
Assertion (A) and the other labelled 
Reason (R). Select the correct answer to these 
questions from the codes (a), (b), (c) and (d) 
as given below. 
(a) Both A and R are true and R is the correct 
explanation of A. 
(b) Both A and R are true but R is not the 
correct explanation of A. 
(c) A is true but R is false. 
(d) A is false and R is also false. 


11. Assertion Magnetism is relativistic in 
nature, i.e. stationary charges do not 
produce magnetic field. 

Reason When we move along the charge 
i.e. there is no relative motion, then we 
find no magnetic field associated with the 
charge. 


12. Assertion Inductance coils are made of 
copper. 
Reason Induced current is more in wire 
having less resistance. 
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h element are st 
3, Assertion Atoms of eac able 
1 d emit characteristic spectrum. 
Reason The spectrum provides useful 
information about the atomic structure, 


14. Assertion The applied voltage (in forward 
bias of a p-n junction) mostly drops across 
the depletion region and the voltage drop 
across the p-side and n-side of the junction is 
negligible. . 

Reason Resistance of depletion region is 
large compared to resistance of n or p-side. 


Answers 


uw | 12@ | 132) |[14@ | 


SECTION-B 


Questions 15 and 16 are case study based questions 
and are compulsory. Altempt any 4 sub parts from 
each question. Each question carries 1 mark. 


Simple Microscope 


15. Microscope is an optical instrument which 
forms large image of close and minute 
objects. A simple microscope is a converging 
lens of small focal length. When an object is 
at a distance less than the focal length of the 
lens, the image obtained is virtual, erect and 
magnified. 

When the object is at a distance equal to the 
focal length of the lens, the image is formed 
at infinity. 

“At 


hp —___, 
(i) A simple microscope has a limited 
Maximum magnification 
(a) greater than 9 (b) lesser than 9 
_. ©) equal to 9 (d) Both (b) and (c) 
(ii) In order to increase the angular 
magnification of a simple microscope, 
one should increase 
(a) the object size 
(b) the aperture of the lens 


(c) the focal length of the lens 
(d) the power of the lens 
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(iii) The image formed by an objective of a 
compound microscope is 
(a) virtual and diminished 
(b) real and diminished 
(c) real and enlarged 
(d) virtual and enlarged 

(iv) The distance between the second focal 
point of the objective f, and first focal 
point of the eyepiece, i.e. f, is called 
(a) tube length 
(b) focal length 
(c) image distance 
(d) radius of curvature 

(v) For compound microscope, f, = 1 cm, 
f, =2.5 cm. An object is placed at 
distance 1.2 cm from object lens. What 
should be the length of microscope for 
normal adjustment? 


(a) 8.5 cm (b) 8.3 cm 
(c) 6.5 cm (d) 6.3 cm 
Photocell 


16. Photocell is a device which converts light 


energy into electrical energy. It is also called 
an electric eye. As, the photoelectric current 
sets up in the photoelectric cell 
corresponding to incident light, it provides 
the information about the objects as has 
been seen by our eye in the presence of 
light. 


Incident 
light 
Collector (Anode) 
Evacuated 
Emitter glass bulb 
(Cathode) 


A photocell consists of a semi-cylindrical 
photosensitive metal plate C (emitter) and a 
wire loop A (collector) supported in an 
evacuated glass or quartz bulb. When light 
of suitable wavelength falls on the emitter 
C, photoelectrons are emitted.: 

(i) A photocell cannot be used 

(a) for reproduction of sound in motion pictures 
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(b) in burglar alarms 
(c) as a fire alarm 
(d) to illuminate a room 

(ii) It is observed that no electrons are 
emitted when frequency of light is less 
than a certain minimum frequency. 


This minimum frequency depends on 


(a) potential difference of emitter and collector 
plates 


(b) distance between collector and the emitter 
plate 


(c) size (area) of the emitter plate 
(d) material of the emitter plate 

(iii) The work function of a metal used in 
photocell is hc/2 ,. If light of wavelength 
À is incident on its surface, then the 
essential condition for the electron to 
come out from the metal surface is 
(a) A2 Xo 
(b) A 22Ag9 
(C)AS Ap 
(d) A< 29/2 

(iv) Variation of photoelectric current with 
intensity of light for a photocell is 


(a) 


Photoelectric 
current 


Intensity of light 


(b) 


Photoelectric 
current 


Intensity of light 


(c) 


Photoelectric 
current 


Intensity of light 


— 
a 
— 
Photoelectric 
current 


Intensity of light 
(v) A photon of energy 3.4 eV is incident on 
a metal surface of a photocell whose 

work function is 2 eV. Maximum kinetic 
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energy of the photoelectron emitted by 
the metal surface will be 

(a) 1.4 eV 

(b) 1.7 eV 

(c) 5.4 eV 

(d) 6.8 eV 


Answers 
15. fd d (ic (iva (Wb 
16. (Jb (da (c (Wd Wa 


SECTION-C 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


17. For spherically symmetrical charge 
distribution with charge density varying as 


pte)=po{7-* 


where, x<r,uptor=R 
The electric field at a distance (r < R) comes 
out to be =E Ba 

4e,\3 R 


Justify the relation obtained. 


18. The bombardment of lithium with protons 

gives rise to the following reaction 

?Li +1H—> 3 He +2He + Energy 

The atomic masses of lithium, hydrogen and 
helium are 7.016 amu, 1.008 amu and 4.004 
amu, respectively. Find the initial energy of 
each helium atom. 

(Take, 1 amu = 931 MeV/c’) 


19. The plot of the variation of potential 
difference across a combination of three 
identical cells in series versus current is as 
shown in the figure. What is the emf of each 


cell? 


[Ans. 7.488 MeV] 


6V 


1A 
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or 
of equal lengths, one of 
d other of manganin have the 
tance. Which wire will be 


(i) Two wires 
copper an 
game resis 


thicker? 
(ii) How does the drift velocity of electrons 


in a metallic conductor vary with the 
increase in temperature? 


20. What are extrinsic semiconductors? Write the 
names and types of dopants. 


21. The electric potential V as a function of 
distance x is shown in the figure. Construct 
a graph of the electric field strength E 


versus distance x. 


t 
V 


The graph shows the variation of charge q 
versus potential difference V for two 
capacitors, C, andC,. The two capacitors 
have the same plate separation but the plate 
area of C, is double than that of C,. 


Which of the lines in the graph corresponds 
to C, &C, and why? 


A 


Í 
q 


(0 


\y->- 


22. A small telescope has an objective lens of 
focal length 150 cm and an eyepiece of focal 
length 5 cm. If this telescope is used to view 
a 100 m high tower 3 km away, find the 
height of the final image, when it is formed 
25 cm away from the eyepiece and 
magnification of telescope is 36. 


[Ans. - 30 cm] 
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23. (i) Name the electromagnetic waves which the expression of the new reactance of 
(a) maintain the earth's warmth and __ carcutt. 
(b) are used in aircraft navigation. (ii) A wire of resistance R is connected in 
(ii) To which regions of the electromagnetic series with an inductor of reactance wl, 
spectrum do the following wavelength then derive the mathematical expression 
belong of quality factor of RL circuit. 
ena (b) 1500 nm 27. Two convex lenses A and B of an 


Or 


Show that the radiation pressure exerted by 
an EM wave of intensity J on a surface kept 


astronomical telescope having focal lengths 
5 cm and 20 cm, respectively are arranged as 


shown below 
in vacuum is —. 
c B 
24. (i) Write two characteristic features of A M 
nuclear force. A 
(ii) Draw a plot of potential energy of a pair \i 
of nucleons as a function of their 
separation. — AND 
25. If light of wavelength, 4 = 4000 A and (i) Which one of the two lenses you will 
intensity 100 W/m? incident on a metal select as the objective lens and why? 
plate of threshold frequency 5.5 x 10" Hz, (ii) What should be the change in the 
what will be the maximum kinetic energy, distance between the lenses to have the 
and work function of photoelectron? . telescope in its normal adjustment 
(Take, h =6.6x 107" J-s), = [Ans. 132 x107") position? (Ans. 10] 
(iii) Calculate the magnitude of magnifying 
SECTION-D power of the telescope in the normal 
adjustment position. [Ans. 4] 


All questions are compulsory. In case of internal 
choices, attempt anyone. 28. The force experienced by a unit charge when 
placed at a distance of 0.10 m from the 
middle of an electric dipole on its axial line 
is 0.025 N and when it is placed at a 
distance of 0.2 m, the force is reduced to 
0.002 N. Calculate the dipole length. 


26. A metallic rod of length / and resistance R is 
rotated with a frequency v, with one end 
hinged at the centre and the other end at 
the circumference of a circular metallic ring 
of radius l, about an axis passing through 


the centre and perpendicular to the plane of (Ans.:0.10'm] 
the ring. A constant and uniform magnetic , Or 
field B parallel to the axis is present A point charge causes an electric flux 
everywhere. — 3x 107*N-m?/C to pass through a 
(i) Derive the expression for the induced spherical Gaussian surface. 
emf and the current in the rod. (i) Calculate the value of the point charge. 
(ii) Due to the presence of the current in the sine ~ 2655 x10 ji c] 
rod and of the magnetic field, find the (ii) If the radius of the Gaussian surface is 
expression for the magnitude and doubled, how much flux would pass 
direction of the force acting on this rod. through the surface? 
Or 29. A p-n junction diode is basically a 
(i) The reactance of a capacitor of p-n junction with metallic contacts provided 
capacitance C is X. If both the frequency at the ends for the application of an 


and capacitance be doubled, then give external voltage. It can be biased in two 


= 
z 
Z 
5 
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ways, i.e. an external battery can be 
connected to it two ways. One is forward 
biasing in which positive terminal of the 
battery is connected to p-side and negative 
terminal to n-side of the diode. In this large 
amount of current passes through the diode. 
However, the second is reverse biasing in 
which positive terminal of the battery is 
connected to n-side and negative terminal to 
p-side of the diode. In this negligible 
amount of current passes through the diode. 


Now, on the basis of above mentioned 
information, draw an observation in your 
words, when an input waveform as shown in 
Fig. (a) is applied to the circuit as shown in 
Fig. (b). 


Fig. (a) Fig. (b) 


30. With the help of a suitable diagram, explain 
in brief about the sensitivity of Wheatstone 
bridge. 


SECTION-E 
All questions are compulsory. In case of internal 


choices, attempt anyone. 


31. Show that the refractive index of the 
material of a prism is given by 


A+6 
aan = a) 
G) 
sin | — 
2 
where, symbols have their usual meanings. 
Or 


(i) When the width of the slit is made 
double, how would this effect the size 
and intensity of the central diffraction 
band? Justify your answer with the help 
of diagram. 

(ii) Write three characteristic features to 
differentiate between diffraction and 


interference. 


$2. (i) The coil area of a galvanometer is 
95 x10‘ m°. It consists of 150 turns of 
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a wire and is in a magnetic field of 
0.15 T, The restoring torque constant of 
the suspension fibre is 10-° N-m per 
degree. 
Assuming the magnetic field to be 
radial, calculate the maximum current 
that can be measured by the 
galvanometer, if the scale can 
accommodate 30° deflection. 
[Ans. 5.3 x10% Aj 
(ii) An electron in H-atom circles around the 
proton with a speed 3 x 10° ms™ in an 
orbit of radius 6 x 107m. 
Calculate 
(a) the equivalent current and 
(b) magnetic field produced at the 
proton. 
Given, charge on electron is 
1.6x107C andu, =4"x107 TmA™. 
[Ans. (a) 1.28 x107 A, (b) 13.4 T] 


Or 

(i) Write the four important properties of 
the magnetic field lines due to a bar 
magnet. 

(ii) A wire of length L is bent in the form of 
a circle of radius R and carries current I. 
What is its magnetic moment? 

(iii) A bar magnet of length 0.1 m and a pole 
strength 10°* A-m is placed ina 
magnetic field of 30 Wb/m at an angle 
30°. Determine the couple acting on it. 


33. Figure shown below, shows how the 
reactance of a capacitor varies with 
frequency. 

14 posssppessngsseepeerngnseey 


Capacitive reactance X.) —> 
D 


“400” 200°" a00 Goo 

Frequency (Hz) —-» 
Use the information of the graph to 
calculate the value of capacitance of 
capacitor. [Ans. 265 x10" F] 


(i 


x 
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(ii) An inductor of inductance L has the 
same reactance as the capacitor at 
100 Hz. Find the value of L. 
[Ans. 955 x107? H] 


(iii) Using the same axes, draw a graph of 
reactance against the frequency for the 
inductor given in part (ii). 

(iv) If this capacitor and inductor were 
connected in series to a resistor of 10 Q, 
what would be the impedance of the 
combination at 300 Hz? 


(v) A charged 30 uF capacitor is connected 
to a 27 mH inductor. What is the 
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angular frequency of free oscillations of 
the.circuit? [Ans. 11x 107? rads~] 


Draw a labelled diagram of AC generator, 
explain its theory and working. An armature 
coil consists of 20 turns of wire, each of 
area, A =0.09m° and total resistance 15 Q 
rotates in a magnetic field of 0.5T at a 
constant frequency (150 / r) Hz. 


Calculate the value of maximum emf 
produced in the coil. [Ans. 270 V] 


Q 
se 
z 
© 
EL 
Z 
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A HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XII EXAMINATIONS 


PHYSICS wnso.vep 


GENERAL INSTRUCTIONS 


1. All questions are compulsory. There are 33 questions in all. 
2. This question paper has five sections: Section A, Section B, Section C, Section D and Section E. 
3. Section A contains ten very short answer questions and four assertion reasoning MCQs of 1 mark 


each, Section B has two case based questions of 4 marks each, Section C contains nine short answer 
questions of 2 marks each, Section D contains five short answer questions of 3 marks each and 
Section E contains three long answer questions of 5 marks each. 


4. There is no overall choice. However internal choice is provided. You have to attempt ‘only one of the 


choices in such questions. 


TIME : 3 HOURS 


SECTION-A 


All questions are compulsory. In case of internal 
choices, attempt anyone of them. 


1. The electric field of an electromagnetic wave 
is given by 
E, =5x 107 sin(2 x 10°x +8.28 x10"t) 


What is the wavelength of the 
electromagnetic wave? 


Or 
Give the definition of electromagnetic wave 
and general equation of electric field in 
electromagnetic wave. 
2. Which one of the two diodes D, and D, in 
the given figure is 


[Ans. 0.32 cm] 


(i) forward biased (ii) and reverse biased? 


3. A single slit of width d is illuminated by 
violet light of wavelength 400 nm and the 
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width of the diffraction pattern is measured 
as y. When half of the slit width is covered 
and other half illuminated by yellow light of 
wavelength 600 nm, then how much the 
width of diffraction pattern becomes? 

Or 


What are the conditions for total internal 
reflection to take place? 


A 


On which principle a transformer works? 


What is the motion of charge camiers in 
forward bias and reverse bias of a p-n. junction? 


gr 


9> 


F ind the equivalent capacitance between the 
points Aand B in the following circuit. 


[Ans. 1 pF] 
1.5pF 
A — |— B 
SHF 3uF 
1.5pF 
Or 


Can a body has charge of 1.5e, where e is 
the electronic charge? 
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7. Write the name of spectral series of . 
hydrogen atom, which lies in visible range of 
electromagnetic wave. 


14. Assertion When two long straight wires are 


connected to a battery, they may come close 
to each other. 


8. The maximum voltage in AC circuit is 141 V. Reason Force of attraction acts between two 
What is the effective voltage in circuit? wires carrying current. 
Or 
ei Dee 11. (d) 12. 13. 14. 
Voltage V and current i in AC circuit are | o | @ hao | 


given by, V =100sin(50t) V and 


DASOS SECTION-B 
|= in| 50t + — |mA. Calcu 
cae sn(5 3 ate,the: power Questions 15 and 16 are case study based questions 
dissipated in circuit. [Ans. 10w] 22d are compulsory. Attempt any 4 sub parts from 
each question. Each question carries 1 mark. 
9. Why does the conductivity of metals , l , 
decrease with increase in temperature? Gauss' Law in Magnetism 
10. Why does the width of depletion layer of p-n 15. a fe. fia te Gays N ai ja pye Siani 
junction increase in reverse biasing? . a » Cian LP eee ME 
magnetic flux and m is the net magnetic 
fnomentre given ons labeled "FLESH isie set sac 
Assertion (A) and théother labelled It was found that, magnetic flux through a 


closed surface is always zero. Thus, we reach 
at a conclusion that magnetic monopoles do 
not exist. A bar magnet always attains 
north-south poles no matter how many 


Reason (R). Select the correct answer to these 
questions from the codes (a), (b), (c) and (d) as 
given below. 


5 
= 


(a) Both A and R are true and R is the correct times it is cut into pieces. 
explanation of A. (i) The net magnetic flux due to a bar 

(b) Both A and R are true but Ris not the correct magnet over a closed surface is 
explanation of A. (a) zero (o) Ho 

(c) A is true but R is false. mi 

(d) A is false and R is also false. (c) 4npo (d) = 

11. Assertion If Gaussian surface does not (ii) The presence of magnel monopoles is 
enclose any charge, then E at any point on ruded out by 


the Gaussian surface must be zero. 
Reason No net charge is enclosed by 
Gaussian surface, so net flux passing 
through the surface is non-zero. 


(a) Gauss' law of deresi 

(b) Gauss' law of magnetism 

(c) Faraday's law 

(d) Ampere’s circuital law with Maxwell's 


. ddition 
12. Assertion Critical angle of light passing . i : , 
en Aa i iolet (ii) A bar magnet is separated four times, 

aoe to ag is miinimum Ee the number of monopoles and dipoles 
Reason The wavelength of violet light is H a aoi 
greater than the light of other colours. fo) 8 9 (d) 8.1 

13. Assertion To observe diffraction of light the (iv) The number of magnetic field lines 
size of obstacle aperture should be of the passing through a surface area normally 
order of 10” m. is called 
Reason 107m is the order of wavelength of ; (a) magnetic field (b) electric field 


visible light. (c) magnetic flux (d) electric flux 


= 
_ 
© 
2) 
Z 
= 
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(v) The dimensional representation of 
Magnetic flux density is 
(a) [MLT-?] (b) [MLT~2A7 '] 
(c) [MT~A~"} (d) [MLT~2A?] 


Oscillating Charge 


16. An oscillating charge is an example of 


accelerating charge. It produces an 
oscillating electric field in space, which 
Produces an oscillating magnetic field, which 
in tum produces an oscillating electric fields 
and so on. The oscillating electric and 
Magnetic fields regenerate each other as a 
wave which propagates through space. 

x 


—— Direction of wave propagation 
S 


(i) Electromagnetic waves can be deflected 


by 
(a) only electric field 
(b) only magnetic field 
(c) Both (a) and (b) 
(d) None of the above 
(ii) Total energy density of electromagnetic 
waves in vacuum is given by the relation 
1 E B 


1 2,1 2 
b) — += 
(b) 5 ££ 5 08 

E? +B? 

Cc 


eg? 8 
(9) 52E ti 


(iii) The speed of electromagnetic wave in 
vacuum depends upon the source of 
radiation 
(a) increases as we move from y-rays to radio 
waves 

(b) decreases as we move from y-rays to 
radio waves 

(c) is same for all of them 

(d) None of the above 

(iv) Solar radiation is 
(a) transverse electromagnetic.wave 
(b) longitudinal electromagnetic wave 
(c) stationary wave 
(d) None of the above 


(c) 
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(v) A plane electromagnetic wave of 
frequency 25 MHz travels in free space 
along the x-direction. At a particular 
point in space and time, 

F =6.3 J-V/m. 
What is B at this point? 
(a) 2.1x 108k T 
(b) 2.1 10° T 
(c) 3.5x 10°k T 
(d) 3.0x 10°K T 


Answers 
15. üa (Jb iib (ive (vc 
16. (d (ii)d (i)e (iv)a (v)a 


SECTION-C 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


17-A 10 kg satellite circles earth once energy 
2h in an orbit having a radius of 8000 km. 
Assuming that Bohr’s angular momentum 
postulate applies to satellites just as it does 
to an electron in hydrogen atom, find the 
quantum number of the orbit of the 
satellite. [Ans. 53 x10* 

18. Why is it that while using a moving coil 

galvanometer as a voltmeter, a high 

resistance in series is required? Also draw 
the circuit diagram for a voltmeter. 


19 


Car batteries are often rated in unit ampere 
hours. Does this unit designate the amount 
of current, energy, power or charge that can 
be drawn from the battery? Explain. 


20 


Draw energy band diagrams for germanium 
and wood. 


21 


Four identical cells, each of emf 8 V and 

internal resistance 2.5 Q are connected in 

series and charged by a 100 V DC supply, 

using a 24 Q resistor in series. 

Calculate 

(i) charging current in the circuit 

(ii) and potential difference across the cells 
during recharging.  [Ans. (i) 2A, ii) 52V] 

Or 

Figure below shows a plot of current 
versus voltage for two different 
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materials P and Q. Which of the 
following two materials satisfies Ohm’s 
law? 


22. Define the following terms and give their 
source of origin. 
(i) Plane wavefront 
(ii) Cylindrical wavefront 


23. Give any two applications of eddy currents. 
Or 
Define the following terms 
(i) Power factor 
(ii) Wattless current 


24. Derive an expression for the force between 
two long parallel current carrying 
conductors. 


25. Draw a graph to show the variation of 
stopping potential with frequency of 
radiation incident on a metal plate. How can 
the value of Planck's constant be determined 
from this graph? 

Or 
Consider figure for photoemission. How 
would you reconcile with momentum 
conservation? Note light (photons) have 


momentum in a different direction than the 
emitted electrons. 


SECTION-D 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


26. (i) Why do we need the oil drops in 
Millikan’s experiment to be of 
microscopic sizes? Why cannot we carry 
out the experiment with bigger drops? 

(ii) What happens to the wavelength of a 
photon after it collides with an 
electron? 

(iii) Can X-rays cause photoelectric effect? 


29. Two batteries with emf 12 V and 13 V are 


567 


27. (i) Why is the core of a nuclear reactor one 


of its most important part? 


(ii) Why is the number of neutrons in 
heavier nuclei more than the number of 
protons? 

(iii) Name the element with which control 
rods in nuclear reactors are made up. 


28. For a given lens, the magnification was 


found to be twice as large when the object 

was 0.15 m distant from it than when the 

distance was 0.2 m. What is the focal length 

of the lens? [Ans. 0.10 m] 
Or 


An astronomical telescope has objective and 
eyepiece of focal lengths 40 cm and 4 cm, 
respectively. Find the distance by which the 
lenses must be separated, so that image of 
an object 200 cm away from the objective 
can be seen at infinity. Also draw the ray 
diagram. [Ans. 54 cm] 


connected in parallel across a load resistor of 
10 Q. The internal resistances of the two 
batteries are 1 and 2, respectively. The 
voltage across the load can be calculated as 
below 


tr R 12 
Potential drop across 10 Q resistance, 


7 
v-( }x10- 37/3 10 
Rotal 


= 11.56 V 
V =11.56 V 


Now, give an alternate solution of above 
problem. 


he 


m 
| 
© 
WN 
Z 
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30. In the following figures, indicate which of 


the diodes are forward biased and which are 
reverse biased? 


+11V 


(i) | 


+7V 


(ii) 


aii) -5V 


all "il 
a 
w 
ke) < 
`~ 


Predict the effect on the electrical properties 
of a silicon crystal at room temperature, if 
every millionth silicon atom is replaced by 
an atom of indium. Given, concentration of 
silicon atoms =5x 10m, intrinsic carrier 
concentration = 1.5x 10m7, 

H, =0.135 m° /V-s and 

H, =0.048m°? /V-s. 
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Which bright fringe will be obtained at 
the same point P, if monochromatic 
light of wavelength 500 nm is used in 
place of L,? (No other alterations were 
made in the experimental set-up.) 
; [Ans. 14] 
(ii) Monochromatic light of wavelength 
650 nm falls normally on a slit of width 
1.3x10~ cm and the resulting 
Fraunhofer diffraction is obtained on a 
screen. Find the angular width of the 
central maxima. [Ans. 1 rad] 


32. (i) PQ and MN are two parallel conductors 


at a distance / apart and connected by a 
resistance R as shown in figure. They are 
placed in a magnetic field B which is 
perpendicular to the plane of the 
conductors. 


© © @x® Q 
P Q 
© 1©® olll © 0 
R ! v 
© 70 ollo ð 
M N 
© © @'’® @® 


A wire XY is placed over PQ and MN 


i 


and, then made to slide over PQ and MN 
with a velocity v. Neglecting the 
resistance of PQ, MN and wire XY, 
calculate the work done per second to 
slide the wire XY. 


- SECTION-E 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


31. (i) What is the focal length of the 


combination of a convex lens of focal 
length 30 cm in contact with a concave 
lens of focal length 20 cm? Is the 
system a converging or a diverging lens? 
Ignore thickness of the lenses. 
[Ans. 60 cm] 
(ii) At what angle should a ray of light be 
incident on the face of a prism of 
refracting angle 60°, so that it just 
suffers total internal reflection at the 
other face? The refractive index of the 
material of the prism is 1.524, 
[Ans. 29°75'] 
Or 
(i) In Young's double slit experiment using 
monochromatic light L, of wavelength 
700 nm, 10th bright fringe was obtained 
at a certain point P on a screen. 


(ii) Magnetic flux through a coil of 
resistance R changes by an amount Ad 
during a small time interval At. 
Calculate the total quantity of charge 
that passes through any cross-section in 
the coil during this time interval. 

Or 

(i) State the underlying principle of a 
transformer. How is the large scale 
transmission of electric energy over long 
distances done with the use of 
transformers? 

(ii) A step-down transformer operated on 4 
2.5 kV line. It supplies a load with 20 A. 
The ratio of the primary winding to the 
secondary is 10 : 1. If the transformer iS 
90% efficient, calculate 


SAMPLE QUESTION PAPER 3 
569 


coil. 
(Ans. (a) 4.5 x 10° W, (b) 250 V and (c) 180A] 


(a) the power output, S 
(b) the voltage 
(c) and the current in the secondary c 
BEE Ce 
| e í pF 


33. (i) Two insulated charged copper spheres 


A and B have identical sizes and Or 

charge 6.5 x107 C on each and their (i) Intensity of electric field at a 

centres are separated by distance of perpendicular distance of 0.5 m from an 
50 cm. infinitely long line charge having linear 


charge density (A) is 36x10? Vm ~. Find 
the value of À. [Ans. 1077 cm7) 
(ii) Three equal charges of 5.0 uC each are 
placed at the three vertices of an 
equilateral triangle of side 5.0 cm each. 
Calculate the electrostatic potential energy 
of the system of charges. 


A third sphere C of same size but 
uncharged is brought in contact with 
first, then brought in contact with the 
second and finally removed from both, 
find the new force of interaction 
between spheres A and B. 


lAns. 5.7 x107%Ñ] . 
[Ans. 13.5 J] 


(ii) Figure shows two identical capang ro (iii) A hollow conducting sphere is placed in an 
1 btad o a ae electric field produced by a point placed at z 
Initially switch S is closed. P as shown in figure. a 
After sometime, S is left open and © 
dielectric slabs of dielectric constant Fed ee aes p = 
K =5 are used and inserted to fill c = 
completely the space between the 5 
plates of the two capacitors. B 
ae will ar y ge = Hig Let V,, V, and V; be the potentials at 

potential difference etree oints A, B and C respectively. 

plates of the capacitors be attected Then, find out the relation between V,, V, 


after the slabs are inserted? 


[Ans. (b) 1 V] and Vc. 
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= 
£ 5 l SECTION-A l 5. What is the de-Broglie wavelength of a 
Sie) AI questions are compulsory. In case of internal electron accelerated through a potential 
rd choices, attempt anyone of them. difference of 100 V? [Ans. 1.227 A] 
a) 1. The north pole of a long horizontal bar Or 
magnet is being brought closer to a vertical In what way has the wave nature of electron 
conducting plane along the perpendicular beam exploited in electron microscope? 
direction. What will be the direction of 6 = : 
induced current in the conducting plane? -A galvanometer having internal resistance 
$r 10 Q requires 0.01 A for a full scale 


deflection. To convert this galvanometer to a 


An alternating voltage is connected in series 
with a resistance R and inductance L. If the 


voltmeter of full scale deflection at 120 V, 
what value of series resistance is needed? 


potential drop across the resistance is 200 V [Ans. 11990 9] 
and across the inductance is 150 V, then find 7 ; : 
; - The electron in hydrogen atom is initially in 
the applied voltage. [Ane 250 the third excited state. What is the 
2. If the energy of a photon of sodium light maxımum number of spectral lines which 
(à =580nm) equals the band gap of can be emitted when it finally moves to the 
semiconductor, then find the minimum ground state? [Ans. 6] 
energy required to create hole-electron pair. 8. Give any:two'chavact : 
[Ans. 2.1 eV] . 0 characteristics o 
, semiconducto i 
3. What is the effect of heating of a conductor rmaterial, 
on the drift velocity of free electrons? 9. Give the ratio of radii of the orbits 
4. Two charges 5uC and 10C are placed 1 m corresponding to second excited state and 
apart. What amount of work is done to bring ground state in a H-atom. [Ans. 9: 1] 
these charges at a distance 0.5 m from each Or What is the ratio of nuclear densities of the 
other? (k =9x 10° SI) [Ans. 9 x107" J] Tala having mass numbers in the ratio 


[Ans. 1: 1) 
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10. Graph given below shows the variation of 
current versus voltage for a material GaAs. 


l 
Current 


— 
Voltage V 


Identify the region of negative resistance. 
Or 


How is current kept continuous inside a 
conductor of finite length? 


For question numbers 11, 12, 13 and 14, two 

statements are given-one labelled 

Assertion (A) and the other labelled 

Reason (R). Select the correct answer to these 
questions from the codes (a), (b), (c) and (d) as 
given below. 


(a) Both A and R are true and R is the correct 
explanation of A. 


(b) Both A and R are true but R is not the correct 
explanation of A. 

(c) A is true but R is false. 

(d) A is false and R is also false. 


l1. Assertion Ferromagnetic substances are 
those which gets strongly magnetised when 
placed in an external magnetic field. 
Reason The individual atoms (or ions or 
molecules) in a ferromagnetic material 
possess a dipole moment as in a 
paramagnetic material. 


12. Assertion E in outside vicinity of a 
conductor depends only on the local charge 
density o and it is independent of the other 
charges present anywhere on the conductor, 
Reason E in outside vicinity of a conductor 
is given by = 

Eo 


13. Assertion If a plane glass slab is placed on 
the letters of different colours all the 


letters appear to be raised up to different 
height. 
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Reason Different colours have different 
wavelengths. 


14. Assertion The drift velocity of electrons in a 
metallic wire decreases when temperature of the 
wire is increases. 

Reason On increasing temperature, 
conductivity of metallic wire decreases. 


Answers 


uo | 26 | 2@ haw | 


SECTION-B 


Questions 15 and 16 are case study based questions 
and are compulsory. Attempt any 4 sub parts from 
each question. Each question carries 1 mark. 


Electrical Resonance 


15. Electrical resonance is said to take place in a 
series L-C-R circuit when the circuit allows 
maximum curent for a given frequency of 
the source of alternating supply for which 
capacitive reactance becomes equal to the 
inductive reactance. Impedance of this L-C-R 
circuit is minimum and hence current is 
maximum. Resonant circuits are used to 
respond selectively to signals of a given 
frequency while discriminating against 
signals of different frequencies. If the 
response of the circuit is more narrowly 
peaked around the chosen frequency, we say 
that the circuit has higher “selectivity or 
sharpness”. This sharpness is measures with 
the help of Q-factor. 

(i) Bandwidth of the resonant L-C-R circuit 
is 


(a) 5 (b) R/2L 
2R 4R 
(c) i (d) T 


(ii) To reduce the resonant frequency in an 
L-C-R series circuit with a generator 
(a) the generator frequency should be reduced 


(b) another capacitor should be added in 
parallel to the first 


(c) the iron core of the inductor should be 
removed 


(d) dielectric in the capacitor should be 
removed 


GaAATOSNN 


572 | Allřnone | PHYSICS Class 194, 


(ii) In a series L-C-R circuit, the capacitance (iii) Which of the following figures represent 
C is changed to 4C. To keep the the variation of particle momentum and 
Tesonant frequency same, the inductance the associated de-Broglie wavelength? 


must be changed by 


(a)2L (b) L/2 | p A 
(c) 4L (d) L/4 1 I 
(iv) In non-resonant circuit, what will be the (a) (0) 

nature of circuit for frequencies higher 
than the resonant frequency? 

— 2 

(c) ( 
gy 


(a) Resistive (b) Capacitive =i 
(c) Inductive (d) None of these 
(v) Figure shows a series L-C-R circuit, p 
connected to a variable frequency 200 V Í 
source. C =80 uF and R =40 Q. The d) 
source frequency which drives the 
circuit at resonance is 
L=5H Peg 
C=80uF (iv) de-Broglie wavelength associated with 
TPE A R an electron, accelerating through a 
=] 2 potential difference of 100 V lies in the 
ad 4 ion of 
> : Ei cance rays (b) X-rays 
5 (a) 25 Hz (b) S hz (c) Ultraviolet rays (d) Visible region 
2 oe. a i (v) A Ain fea tte are tare 
Z i accelerated through the same potentia 
5 difference. The ratio of de-Broglie 
= Dual Nature of Matter wavelength A, to that of À „ is 
16. Matter cannot exist both as a particle-and as (a) 2:1 (b) V4:1 
a wave simultaneously. At a particular (c) V6 :1 (a) V8 :1 


instant of time, it is either the one or the 

other aspect, i.e. the two aspects are Answers 

complementary to each other. 15. fb (i)b (id (We Wb 

According to de-Broglie, a wave is associated 16. (ib dijc (lib (ivb (Wd 

with moving material particle which controls 

the particle in every respect. The wave 

associated with moving material particle is SECTION-C 

called matter wave or de-Broglie wave whose All 

wavelength is called de-Broglie wavelength. questions are compulsory. In case of internal 
A : ‘ choices, attempt anyone. 

(i) The de-Broglie wave of a moving particle 


does not depend on 17, Write two characteristic features to 
(a) mass (b) charge distinguish between n-type and p-type 
(c) velocity (d) momentum semiconductors, 

(ii) The de-Broglie wavelength of a particle 18, A rectangular loop of length 7 =2m and 
of KE, K is à. What will be the breadth b = 0.3m is placed at distance of 
wavelength of the particle, if it's kinetic x=0.6m from infinitely long wire carrying 

zak, current, I= 2A such that the direction of 
energy 1s ri current is parallel to breadth. If the loop 
(a) à (b) 22 moves away from the current wire in a 


(c) 32 (d) 42 direction perpendicular to it with a velocity 
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v=3ms~', what will be the magnitude of emf 
in the loop? [Ans. 461x1077 V] 
Or 

A resistance of 20 Q is connected to a source 

of alternating current rated 110 V, 50 Hz. 

Find the 

(i) rms current 

(ii) maximum instantaneous current in the 
resistor [Ans. (i) 5.5 A, (ii) 7.8 A] 


19. Name the part of the electromagnetic 
spectrum which is 


(i) suitable for radar systems used in 
aircraft navigation. 


(ii) produced by bombarding a metal target 
with high speed electrons. 

20. How many electrons pass through a lamp in 
1 min, if the current is 300 mA? Given, the 
charge on an electron is 1.6 x 107°C, 

[Ans. 1.125 x107°q 

Or 
Find the current flow through a copper wire 
of length 0.2 m, area of cross-section 
1 mm’, when connected to a battery of 4 V. 
Given that, for electron mobility is 
4.5x 10° °m*s"V" and charge on an 
electron is 1.6 x 10™C. The number densit 
of electrons in copper wire is 8.510” m”. 
[Ans. 1.22 A] 


21. Give any two differences between electric 
charge and mass. 


22. Two lenses of power 10D and —5D are placed 
in contact. 
(i) Calculate the power of lens combination. 
[Ans. 5D] 
(ii) Where should an object be held from the 
lens, so as to obtain a virtual image of 
magnification 2? 


resistance varies with temperature for 
(i) a metallic wire 
(ii) a piece of carbon. 


24. State Bohy’s postulate of hydrogen atom that 


gives the relationship for the frequency of 
emitted photon in a transition. 

Or 
Would the Bohrs formula for the H-atom 
remains unchanged, if proton had a charge 


[Ans, ~ 10 cm] 
23. Draw a labelled graph to show, how electrical 
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(+4/3) e, and electron had a charge (-3/4)e, 
where, e=1.6 x 10°" C „Give reasons for 
your answer. 


25. Even though an electric field £ exerts a force 
gE on a charged particle yet electric field of 
an electromagnetic wave does not contribute 
to the radiation pressure (but transfers 
energy). Explain. 


SECTION-D 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


26. (i) Why is the mass of a nucleus always less 
than the sum of masses of constituents, 
neutrons and protons? 

(ii) What is obtained by fusion of two 
deuterons? 

(iii) > He and:?He nuclei have the same 
Mass number . 
Do they have same bindng energy? 


27. (i) A diverging lens of focal length f is cut 
into two identical parts, each forming a 
plano-convex lens. What is the focal 
length of each part? [Ans. 21] 

(ii) A ray of light passes through an 
equilateral glass prism such that the 
angle of incidence is equal to angle of 
convergence and each of these angles is 


equal to : of angle of prism. What is the 


value of angle of deviation?  [Ans. 30°) 


28. A straight wire carrying a current of 10 A is 
bent into a semi-circular arc of radius 2.0 cm 
as shown in the figure. What is the magnetic 
field at 0 due to 

(i) straight segments 
(ii) the semi-circular arc? 


pe oe 


Or 
(i) A circular coil of wire consisting of 100 
turns, each of radius 8.0 cm carries a 
current of 0.40 A. What is the 
magnitude of magnetic field at the 
centre of the coil? [Ans. 314 x101 T] 


A 
Sal 
A 
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(ü) PQ is a long straight conductor carrying 
a current of 3A as shown in figure 
below. An electron moves with a velocity 
of 2x10’ ms” ' parallel to it. Find the 
force acting on the electron. 

[Ans. 32 x107!? N] 


lon 


0.6 mn— 


P 


3A 


Q 


29. (i) Out of blue and red lights, which is 
more deviated by a prism? Give reason. 
(ii) Give one application of prism. 
(iii) If a prism of 5° angle gives deviation of 
3.2°, then what will be the refractive 
index of prism?, [Ans. 1.64] 


30. (i) What is the ratio of the number of holes 
and the number of conduction electrons 
in an intrinsic semiconductor? 
(ii) Draw the energy band diagram of n-type 

semiconductor. 
(iii) Draw I versus V graph of a forward 

biased junction diode. 

Or 
If each diode in figure has a forward bias 
resistance of 25 Q and infinite resistance in 
reverse bias, what will be the values of the 
currents 7., I,, I, and I,? 
[Ans. 0.05 A, 0.025 A, 0 A, 0.05 A] 


Iq 125W p 
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SECTION-E 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


31. (i) A aluminium sheet of area 1m? is fixed 
on the top of a 2m insulating slab by a 
man outside his house one evening. Will 
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he get an electric shock, if he touches 
the metal sheet next morning? [Ans, Yes] 


(ii) Two identical capacitors of plate 
dimensions l x b and plate separation d 
have dielectric slabs filled in between 
the space of the plates as shown in the 
figures. [ 


—l/2— —l/2—> 


Find the ratio capacitance in each case. 
(iii) In SI unit, V at a point in an electric 


6 ” 
field is given by V = “St 2. Find the 


value of E in the field at the point 
(2, 0, 0). [Ans. 1.5 units} 
Or 

State Gauss’s law in electrostatics. 

The electric field components in figure 
shown are E, =0x"?, E, =E, =0 in which 
a =800 N/Cm"™, 


Calculate 
(i) the electric flux through the cube 
(ii) the charge within the cube 
where, the side of cube= 0.1 m. 
(Ans. (i) 1.05 Nm2C7}, (ii) 9.2 x10°7Cl 


32. What is diffraction of light? Draw a graph 
showing the variation of intensity with 
angle in a single slit diffraction experiment. 
Write one feature which distinguishes the 


observed pattern from the double slit 
interference pattern. 


How would the diffraction pattern of a 
single slit be affected when 
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(i) the width of the slit is decreased? 

(ii) the monochromatic source of light is 
replaced by a source of white light? 

Or 

(i) In Young's double slit experiment, the 
intensity of central maxima is J. What 
will be the intensity at the same place, 
if one slit is closed? 

(ii) Monochromatic light is incident on a 
glass prism of angle A. If the refractive 
index of the material of the prism is u 
and ray incident at an angle 9, on the 
face PQ. Now prove that, the ray only 
get transmitted through the face PR of 


. eh 
prism, if 0>sin™ fr sin [4 —sin E) 


P 
O 
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(iii) Write conditions for sustained 
interference. 


33. An electron beam passes through a region in 


which a magnetic field of 2x 10° T and an 
electric field 3.4x 104 V/m both acting 
simultaneously at right angles to each other. 
If the path of the electron remains 
undeflected, calculate the speed of the 
electrons. If the electric field is removed, 
what will be the radius of the circular path 
of electrons? [Ans. 17 x107 m/s and 5 cm] 


Or 
(i) The magnetic field B and the magnetic 
intensity H in a material are found to be 
1.6 T and 1000 Am `’, respectively. 
Determine the relative permeability p, 
and the susceptibility x,, of the 
material. [Ans, 127 x 103] 


(ii) A solenoid of 600 turns per metre is 
carrying a current of 4 A. Its core is 
made of iron with relative permeability 
of 5000. Calculate the magnitudes of 
magnetic intensity, intensity of 
magnetisation and magnetic field inside 
the core. [Ans. 15 T] 
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A HIGHLY SIMULATED SAMPLE QUESTION PAPER FOR CBSE CLASS XII EXAMINATIONS 


1 YSICS UNsoLvED) 


GENERAL INSTRUCTIONS 
1. All questions are compulsory. There are 33 questions in all. 

2. This question paper has five sections: Section A, Section B, Section C, Section D and Section E. 

3. Section A contains ten very short answer questions and four assertion reasoning MCQs of 1 mark 


each, Section B has two case based questions of 4 marks each, Section C contains nine short answer 
questions of 2 marks each, Section D contains five short answer questions of 3 marks each and 
Section E contains three long answer questions of 5 marks each. 


4, There is no overall choice. However internal choice is provided. You have to attempt only one of the 


choices in such questions. 


TIME : 3 HOURS 


SECTION-A 


All questions are compulsory. In case of internal 
choices, attempt anyone of them. 


Two long straight wires are set parallel to 
each other. Each carries a current in the 
same direction and the separation between 
them is 2r. Find out the intensity of the 
magnetic field mid-way between them. 

[Ans. 0] 
When the voltage drop across a p-n junction 
diode is increased from 0.65 V to 0.70 V, the 
change in the diode current is 5 mA. What is 
the dynamic resistance of diode? [Ans. 10 9J 


What are the dark lines seen in the solar 
spectrum called? 


Draw the graphs that shows in a pure resistor, 
the voltage and current are in phase? 


A plot of angle of deviation D versus angle 
of incidence, for a triangular prism is shown 


below 


Angle of deviation 


30° 45° 
Angle of incidence 


MAX. MARKS : 70 


Calculate the angle of incidence for which 
the light ray travels parallel to the base. 

Or 
A slit of size 0.15 cm is placed at 2.1 m from 
a screen. On illuminating it by a light of 
wavelength 5x 107° cm, calculate the width 
of central maxima. 


6. When an electron jumps from the orbit n=2 


ton=4, then calculate the wavelength of 
the radiations absorbed. (R is Rydberg’s 
constant) [Ans. 16/3R} 


Or 
Two nuclei have mass numbers in the ratio 
125 : 216, what is the ratio of their radii? 
[Ans. 5/6] 


7.2m long wire is moved with a velocity 
1 ms~ in a magnetic field of intensity 
0.5 Wbm~ in a direction perpendicular to 
the field. What is the value of emf induced 
[Ans. 


Or If an AC main supply is given to be 220 V, 
then what would be the average emf during 
a positive half-cycle? Ans. 198 


8. Write the formula for kinetic mass of a 
moving photon. 


9. The energy band diagrams for two 


semiconductor samples of silicon are as 
shown below 
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Reason Light shining on the metal surface 
facilitate the escape of free electrons. 


YWU’S WG 14 Assertion The applied voltage (in forward 
; j ZZ bias of a p-n junction) mostly drops across 
What will you infer from the above the depletion region and the voltage drop 
diagrams? across the p-side and n-side of the junction 
10, What is the angle of refraction made by a 15 negligible. , — 
" ray of light inside a prism, i.e, an equilateral Reason Resistance of depletion region Is 
glass prism in the minimum deviation? large compared to resistance of n or p-side. 
[Ans, 30°] 
i n SECTION-B 
Two monochromatic light waves of same 


amplitudes of 2 A interferring at a point have Questions 15 and 16 are case study based questions 
a phase difference of 60°. What is the relation @nd are compulsory. Attempt any 4 sub parts from 
between intensity and amplitude? each question. Each question carries 1 mark. 


lAns./=12A° Microscope 


For question numbers 11, 12, 13 and 14,two 15. The instruments like microscope, telescope, 


: etc., which are used to assist the eye in 
statements are given-one labelled viewing an object are known as optical 
ee Me m = other labelled P instruments. 
eason (R). Select the correct answer to these > š : 
questions from the codes (a), (b), (c) and (d) as Microscope is used to see very small object. 
It forms a large image of closed and minute 
given below. 


objects. 
(a) Both A and R are true and R is the correct There are of two types; simple microscope 
explanation of A. 


and compound microscope 
(b) Both A and Rare true but Ris notthe correct Simple microscope consists of a single 
explanation of A. convex lens (converging lens) of small focal 
(c) A is true but R is false. length. In this type of microscope, when an 
(d) A is false and R is also false. object is at a distance less than the focal 
11. Assertion Ferromagnetic substances are length of the lens, the image obtained is 
those which gets strongly magnetised when Virtual, erect and magnified. 
placed in an external magnetic field. On the other hand, compound microscope 
Reason The individual atoms (or ions or consists of two convex lenses coaxially 
molecules) in a ferromagnetic material separated by some distance. The lens nearer 
Possess a dipole moment as in a to the object is called the objective. The lens 
paramagnetic material, through which the final image is viewed is 


æ 
A 
S 
< 
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12, Assertion Resonance phenomenon is called the eyepiece. l 
exhibited by a circuit only, if both L and € (i) Which one of the following statements 
ar ‘ is incorrect? 

“ Present in the circuit. (a) A simple magnifier or microscope is a 
Reason Voltage across L and C cancel each converging lens of small focal length. 
other and the current amplitude is V,,/R, the (b) For microscope the magnification in case 
total source voltage appearing across R causes of image formed at infinity is one more 
resonance, than the magnification when image is at 

the near point. 


13 Assertion Heinrich Hertz observed that high (c) For larger magnifications, one uses two 
voltage spark across detector loop were lenses, one compounding the effect of the 


enhanced when the emitter plate was other. This is known as a compound 
illuminated by UV-light. microscope. 


O 
[ea] 
a 
© 
P ole 
Z- 
am] 


578 


(d) The lens nearest the object is called 
objective and the lens near eye ls called 
eyepiece, 

(ii) In order to increase the angular 
Magnification of a simple microscope, 
one should increase 
(a) the object size 
(b) the aperture of the lens 
(c) the focal length of the lens 
(d) the power of the lens 

(iii) The image formed by an objective of a 
compound microscope is 
(a) virtual and diminished 
(b) real and diminished 
(c) real and enlarged 
(d) virtual and enlarged 

(iv) For realistic focal length, a simple 
microscope has a limited maximum 
magnification 
(a) greater than9 (b) lesser than 9 
(c) equal! to 9 (d) Both (b) and (c) 

(v) A compound microscope has an 
objective with magnification 20, an 


eyepiece with magnification 12.5 anda 


tube length of 20 cm, then the 
magnification of this microscope is 


(a) 200 (b) 250 
(c) 100 (d). 150 
EMF of a Cell 


16. An electric cell is a source of energy that 
maintains a continuous flow of charge.in a 
circuit. It changes chemical energy into 
electrical energy. It has two electrodes, 
positive electrode (PA) and negative 
electrode (NB) as shown below. 

Electric cell has to do some work in 
maintaining the current through a circuit. 
The work done by the cell in moving unit 
positive charge through the whole circuit 
(including the cell) is called the 
electromotive force (emf) of the cell. 


Electrolyte 


(i) When two electrodes (positive and 
negative) of a cell are immersed in an 


| Allvone| PHYSICS Class 12, 


electrolytic solution, the charges are 
exchanged between 
(a) positive electrode and electrolyte only 
(b) negative electrode and electrolyte only 
(c) Both electrodes and electrolytes 
(d) directly between two electrodes 

(ii) The current flowing in the cell is 


gi b) =F +e 
ier R+r o € 
1-2 (d) T=r/e 


(iii) The maximum current that can be dravm 
from a cell is for 


(a) R =infinity 
(b) R = finite non-zero resistance 
(c) R=0 (d) R=r 


(iv) When & is infinite, then potential 
difference V between P and N is 
(a) € (b) 2e 
(c) €/2 (d) €/4 

(v) For the given circuit, if the cell has an 
emf of 2V and the internal resistance of 
this cell is 0.1 Q, it is connected to 
resistance of 3.9 Q, the voltage across 
the cell will be 


(a) 1.95 V (b) 1.5V 
(c) 2V (d) 1.8 V 
SECTION-C 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


17. What is the difference between the values of 
potential difference across the two terminals 
of a cell in an open circuit and closed 
circuit? 

Or 
Define mobility of a charge carrier. Write the 
relation expressing mobility in terms of 
relaxation time, Give its SI unit. 


18. (i) Define one tesla using the expression of 
the magnetic force acting on a particle 
of charge q moving with velocity v in 4 
magnetic field B. 
(ii) Is it possible to decrease or increase the 
Tange of given voltmeter? Explain it. 
Or Two identical magnets with a length 100 ¢™ 
are arranged freely with their like poles 
facing in a vertical glass tube. The uppe! 
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angs in air above the lower one so 
fence between the nearest poles 
of the magnet is 3 mm. If the pole strength 
of the pole of these magnets is 6.64 A-m, 
then determine the force between the two 
magnets. [Ans.. F =0.49 N] 


19. Complete the following fission reaction and 
how do we calculate the amount of energy it 
releases? 

int U 5351+ g Xe++? 

20. A ray of light is normally incident on one 

face of an equilateral prism. Trace the course 


of the ray through the prism and emerging 
from it. (H =3/2 


21. (i) Identify the electromagnetic waves 
whose wavelengths vary as 
(a) 10 m< <10 m 
(b) 10°m<À<10' m 
[Ans. (a) X-ray, (b) radio wave] 
(ii) Describe the displacement current. 


22. Consider two hollow concentric spheres S, 


and S, enclosing charges 20 and 4Q 
respectively as shown in the figure. 


4Q 


1/53 


(i) Find out the ratio of the electric flux 
through them. [Ans. 1 : 8] 
(ii) How will the electric flux through the 
sphere § , changes, if a medium of 
dielectric constant £, is introduced in 
the space inside S, in place of air. 
Deduce the necessary expression. 
[Ans. 2Q/eg€,] 
23. Suppose a pure Si crystal has 
5x 10” atoms m™. It is doped by 
1 ppm concentration of pentavalent. 
Calculate the number of electrons and holes. 
Given that, n; =1.5 x10 m”. 
TAns.n, =5 x10? m”, n,=45 x10°m73] 
Or Assuming that the two identical diodes D, 
and D, are used in the electric circuit as 
shown in the figure are ideal. Find out the 
value of current flowing through 1Q 
Tesistor, [Ans. (30/11) A] 
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24. Answer the following questions, 

(i) In any AC circuit, is the applied 
instantaneous voltage equal to the 
algebraic sum of instantaneous voltage 
across the series elements of the circuit? 
Is the same true for rms voltage? 

(ii) An applied voltage signal consists of 
superposition of a DC voltage and an AC 
voltage of high frequency. The circuit 
consists of an inductor and a capacitor 
in series. Show that the DC signal will 
appear across C (capacitor) and the AC 
signal across L (inductance). 


25. An AC input signal of frequency 60 Hz is 
rectified by 
(i)half-wave and (ii) full wave rectifier. 


Draw the output waveform and write the 
output frequency in each case. 
[Ans. (i) 60 Hz, (ii) 120 Hz] 


SECTION-D 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


26. A neutron of mass (m) = 1.66 x 10? kg 


having energy (E) =8.28 x10") at 127° C- 
is moving in a waveform, then its de-Broglie 
wavelength can be calculated as. 


[given, Boltzmann constant, 

k =138x10"J mol? K" 

and Planck's constant, h = 6.63 x 10-* J-s.] 
6.63 x 10° 


2x 1.6610” x 8.28 x 1072! 


= 1.264 x 107" m 
= 1,264 A 


If the energy of neutron will not be given, 
then suggest an alternative method to find 
the wavelength. [Ans. 1.264A] 
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27. (i) Ife, & p, are the electric permittivity & 
magnetic permeability of free space and 
€ & p are the corresponding quantities 
in the medium. Find the index of 
refraction of the medium in terms of 
above parameter. [Ans. (tefl eq) /) 


(ii) An electromagnetic wave is travelling in 
vacuum with a speed of 3x 10° m/s. 
Find the velocity in a medium having 
relative electric permittivity and 
magnetic permeability 2 and 1, 
respectively. 


3 8 
Ans, —- x 10° m/s] 
l J2 


28. (i) A charged particle is free to move in an 
electric field. Will it always move along 
the line of force? 


(ii) Two point charges of unknown 
magnitudes and signs are placed at a 
distance apart. The electric field is zero 
at a point, not between the charges but 
on the line joining them. Write two 
essential conditions for this to happen. 

Or A parallel plate capacitor of capacitance € is 
charged to a potential V by a battery. Without 
disconnecting the battery, the distance 
between the plates is tripled and a dielectric 
medium of K = 10 is introduced between the 
plates of the capacitor. Explain giving reasons, 
how will the following be affected 

(i) capacitance of the capacitor, 

(ii) charge on the capacitor and 

(iii) energy density of the capacitor. 

[Ans. (i) 10/3 C, (ii) 10/3 CV and (iii) 10U] 


29. A beam of equally charged particles after 
being accelerated through a voltage V 
enters into a magnetic field B as shown in 
figure. It is found that all the particles hit 
the plate between X and Y, then what is the 
ratio between the masses of the heaviest and 
lightest particles of the beam? 

[Ans. mm = (a + b)? / a°) 
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Or 


A current carrying loop consists of 3 
identical quarter circles of radius R, lying in 
the positive quadrants of the x-y, y-z and zz 
planes with their centres at the origin, 
joined together. Find the direction and 
magnitude of B at the origin. 


30.. (i) When four hydrogen nuclei combine to 


form a helium nucleus, estimate the 
amount of energy in MeV released in 
this process of fusion. (Neglect the 
masses of electrons and neutrinos), 
Given, mass of |H= 1.007825 u and mass 
of helium nucleus = 4.002603 u. 
[Ans. 26.72 MeV] 
(ii) A proton and an electron have same 
kinetic energy. Which one has greater 
de-Broglie wavelength and why? 


SECTION-E 


All questions are compulsory. In case of internal 
choices, attempt anyone. 


31. (i) A rod of length / is moved horizontally 
with a uniform velocity v in a direction 
perpendicular to its length through a 
region in which a uniform magnetic 
field is acting vertically downward. 
Derive the expression for the emf 
induced across the ends of the rod. How 
does one understand this motional emf 
by involving the Lorentz force acting on 
the free charge carriers of the 
conductor? Explain. 


(ii) With the help of a neatly drawn labelled 
diagram, prove that the magnitude of 
motional emf e is given by e = Blv, where 
lis the length of a metallic rod and v is 
the velocity with which it is pulled in a 
transverse magnetic field B. 

Or (i) When an AC source is connected to an 
ideal inductor, show that the average 
power supplied by the source over 4 
complete cycle is zero. 


(ii) Three electrical circuits having AC 
sources of variable frequency are show" 
in the figures. Initially, the current 
flowing in each of these is same. If the 
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frequency of the applied AC source is 
increased, then how will the current 
flowing in these circuits be affected? 
Give the reason for your answer. 


wea el m 


$2. (i) Double convex lenses are to be 


manufactured from a glass of refractive 
index 1.55 with both faces of the same 
radius of curvature. What is the radius 
of curvature required, if the focal length 
is 30 cm? [Ans. 33 cm] 


(ii) A Cassegrain telescope (reflecting 


telescope) uses two mirrors as shown in 
figure below. Such a telescope is built 
with the mirrors 20 mm apart. If the 
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(b) How will the fringe pattern change, 


if the screen is moved away from the 
slits? 


33. (i) Two bars of radii r and 2r are kept in 


contact as shown in the figure. An 
electric current J is passed through the 
bars. Find the ratio of heat produced in 
bars AB and BC. 


(ii) Two conducting wires A and B of same 


diameter but different materials are 
joined in series across a battery. If the 
number density of electrons in A is that 
in y, find the ratio of drift velocity of 


electrons in the two wires. 

(iii) A secondary cell after a long use has an 
emf of 1.9 V and a large internal 
resistance of 380Q. What maximum 

_ current can be drawn from the cell? 
et Could the cell drive the starting motor 


radius of curvature of the large mirror is 
220 mm and of the small mirror is 

140 mm, then where will be the final 
image of an object at infinity? 
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of a car? [Ans. 0.005 A] 
Secondary Or 
mirror 7 (i) Find the emf of the battery shown in 
Eyepiece the figure: [Ans. 6 V] 


Vv wv y 
Or t—{r— 
(i) In a single slit diffraction experiment, a + 
slit of width d is illuminated by red 
light of wavelength 650 nm. For what 
value of d will = 
(a) the first minimum fall is at an angle 
of diffraction of 60° and 
(b) the first maximum fall is at an angle 
of diffraction of 60°? 


(ü) In Young's double slit experiment, the 


(ii) In the circuit given £, and E, are two 
cells of emfs 4 V and 6 V respectively, 
having negligible internal resistances. 
Applying Kirchhoff’s laws of 
electrical networks, find the values of J, 


two slits 0.15 mm apart are illuminated and I. (Ans. h =05 A and lp =0.25 A] 
by Monochromatic light of wavelength h B hk 
450 nm. The screen is 1.0 m away from A : 
the slits, ad Gite) THEY 
(a) Find the distance of the second Ry=4 Q 
I. bright fringe Ry=2.2 Miren 


I. and dark fringe from the central D 
maxima. : E 


Oe 


ê Alli. none 
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